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Modern Geodetic 
Earth Reference Models 

Bernard H. Chovitz 

Nattonal Ocean Survey, NOAA 

A geodetic earth reference model Is defined as a self- 
gravitating body of given mass and rotational rate whose 
surface Is an aqulpolentlal ellipsoid ol revolution of specified 
dlmenstons. Ovar the course of this century, the International 
Association of Geodesy has sanctioned three such models 
as recommended standards for both scientific and practical 
applications. Tha most recent model was approved In De- 
cember 107 9, rep/ac/ng one chosen fn 1967, w ftfch In turn 
supplanted another originally adopted four decades earlier. 

Introduction 

One of the chief scientific aims of geodesy Is the determi- 
nation of the size and shape of the earth. Therefore, much of 
the energy expended by geodesists has focused on finding a 
model (defined by both geometrical and physical parame- 
ters) that can serve as a suitable reference surface for further 
geodetic and geophysical Investigations. 'Suitable' Is a flex- 
ible term. In the 1 9th century, It may have inferred accuracy 
to one part In 10 4 . Nowadays, it signifies better than one part 
in 10®. 

Another equally important aim of geodesy is to provide a 
rigorous and precise basis for surveying end mapping. An 
Internationally accepted reference model expedites coopera- 
tion between countries and serves as a secure foundation on 
which to support expensive and time-consuming projects. 
Toward this aim, permanence, or at least longevity, Is as vital 
as accuracy. 

The purpose of this article Is to cover the development of 
recognized models for the figure of the earth during this cen- 
tury. The determinations of the earth's scale, by Eratos- 
thenes In the 3rd century 6.C., and of (ts flattening, by the 
Peru-Lapland expeditions in the 1 8th century, are well known 
to most scientists. But the remarkable improvements occur- 
ring in recent times are not generally appreciated outside of 
the narrow geodetic community. 

By 'recognized models' we mean those that have received 
a measure of official approval by tha International Associa- 
tion of Geodesy (IAG) and Its covering organization, the In- 
ternational Union of Geodesy and Geophysics (IUQG). Thus 
this narrative, in large part, la a history of deliberations of the 
IAG. Much of the interest centers on the reaction of the IAG 
to the conflicting requirements Induced by the two alms men- 
tioned above. 

The Normal Ellipsoid 

T/w prototype model for the figure of the earth is a biaxial 
ellipsoid of revolution which Is completely specified by two 
geometric parameters. Lets and b be the semimajor and 
semlmlnor axes of this model. The flattening f Is defined by 
f = (0 - b)/a. Customarily and conventionally, a and f are the 
Iwo parameters designated. If geometric quantities, like arc 
measurements and relative station positions, are all with 
which one is concerned, then such a model Is adequate. 
However, once physical properties are considered, a less 
simple approach must be taken. For the computation of grav- 
ity on the model, It Is obvious that one has to Introduce some 
Information on the mass of the earth, that Is, a third parame- 
ter. Furthermore, It (s also obvious that this value of gravity Is 
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Influenced by the fact that the earth is rotating, Indicating the 
need for a fourth parameter. But this suffices. Earth models 
are now usually defined by four parameters (plus a designa- 
tion ol the orientation of the axis of maximum Inertia In Inertial 
space). 

Thus It can be Inferred that a legitimate model, which 
should be able to handle both physical and geometric chores, 
might be an ellipsoid of revolution of mass M, rotating at an- 
gular speed ts, and hence delined by a parameter family (a, f, 

M, a)), it Is shown In standard texts [e.g., Helskanan and Mor- 
itz, 1 967 , pp. 64-67] that if the constraint is Imposed that the 
surface of the model be level (l.e., equlpotentlal), then the 
exterior gravitational field generated by this configuration Is 
unique (the so-called Somlgllana field). Note that no assump- 
tion has been made about the distribution of mass within the 
model. This model Is designated as a normal ellipsoid. 

The accuracy of the model depends on how well the nu- 
merical values of the parameters are chosen. In order to ac- 
cord with reality, they should be based on the best observa- 
tional data available; a has always been comparatively well 
determined from arcs of triangulation; tu depends on straight- 
forward astronomical measurements; however, in two in- 
stances, M and/, the observational material is relatively 
weak. Fortunately, these particular parameters can be re- 
placed by equivalent quantities that are much better deter- 
mined. Consider the product GM, where G is the universal 
constant of gravitation. One need be familiar only with New- 
ton's law of gravitation to realize thattn dealing with any mea- 
surement involving the earth's gravity (ield (and thus bringing 
into play physical considerations), whenever M appears, it Is 
in the guise oIGM. Modem measurement techniques which 
employ artificial satellites and planetary probes have refined 
the value of GM to 1 part In 10', whereas M itself Is known 
only to about 1 part In 1 0 3 . Prior to the artificial satellite era, 
the best determined quantity relating to the earth's gravity 
field was surface gravity itself. It was thus customary to ac- 
cept as a parameter in place of M the equatorial value of 
gravity y a> whose unique relation to the other parameters Is 
spelled out in Hefskanen and Moritz (1967, p. 69]. 

Historically, a variety of geometric and physical methods 
have been employed to determine f. A complete record can 
be found In the monograph by Strasser {1957|. However, up 
until 1957, when the first artificial Earth satellite was 
launched, accuracy was good only to hardly better than 1 
part In 100. (Strasser's account goes through 1953.) Then, 
almost Immediately, an equivalent parameter was deter- 
mined from observations on artificial satellites to at least an 
order of magnitude better. This parameter, the dynamical 
form factor, designated by J 2 (because it Is the coefficient of 
the second zonal harmonic term in the spherical harmonic 
expansion of the earth's exterior potential field), is directly 
related to f for a normal ellipsoid by a closed formula In- 
volving Just the other Independent parameters iHsiskanen 
and Moritz, 1 967, p. 73]. Thus the modern definition of the 
normal ellipsoid is by means of the parameters a, J., GM, m. 

We stress again that a particular normal eilipsolef gener- 
ates a unique exterior gravitational field. This field can be 
specified by an infinite set ol coefficients J, (/ *2,4,6,. . .) 
that correspond to the even zonal harmonic terms in the 
spherical harmonic expansion of the earth's potential. How- 
ever, ail J, for/ > 2 are functions of the parameter set (a, J 2 , 
GM, cu). It is interesting to consider the range of parameter 
sets that can simulate closely the actual gravitational field. 

For example, one can take the real value of J a but sat w = 0. 

In thatcase, / would be about 1/700, less than half tha real 
value. But although J 2 Is enforced to be the same, the other J f 
will change, and thus the property of uniqueness Is honored. 

Because tha potential Is constant on the surface of the nor- 
mal ellipsoid, Its value U 0 (units: m a s"*) could replace a as 
one of the defining parameters. This has a certain appeal, 
since Ihe set (U 0 , J 2 , GM, <u) relates directly to the physical 
situation (of. also Bulletin Gdoddslque, New Series 118, 

1975, p. 402). However, U 0 suffers from the same observa- 
tional deficiency as M; a Is much more accurately measured. 

Recapitulating, the modern accepted model for the figure 
of the earth Is the normal ellipsoid, defined thus: (1) Its geo- 
metric shape Is that of an ellipsoid of revolution with semi- 
major axle a and flattening f. (2) The mass of the ellipsoid is 
M. (3) The ellipsoid rotates at angular speed <u. (4) The sur- 
face Is level. 

Under these assumptions the exterior gravitational field Is 
completely determined, although the Interior flak! Is not. How- 
ever, the choice of the lour defining parameters constrains 
the possible distribution of mass within the model. For ex- 
ample, If the additional assumption were made thal the mod- 
el Is In fluid equilibrium, then this would force the density to 
be homogeneous. If we wish to retain an Earthllke density 
distribution along with conditions (2), (3), and (4), then (1) 
becomes distorted Into a fourth-ordersurface that requires 
an additional parameter for complete delineation. For a more 
penetrating discussion of this topic, see Morflz (1968]. 

Tho International Ellipsoid 

Specifications for a unified model (like the normal ellipsoid) 
thatls suitable for both geometrk? and physical applications 
were not formulated until this century was wellunrtewa^ 
However, the requisite theory had been available In Friedrich 
Helmert's monumental treatise [Halmeri, 1880]. At the begln- 
' ning of this century, there wbb much activity to determine 
aeometrlo ellipsoids that would serve asreferenw figures for 
large triangulatlon systems and to set up standard gravity for r 
mUlas that were derived from a ejmpta mass wnflguratton , 
from whloh gravity anomalies, cpuld be computed. Measured 
vdlute of gravity Itself served aq a basts, (and, according tp 
Itelmeil the best basia), for deformining the geometric flat- . 
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almost uncanny. An element of luck is surely present here, 
because, upon adding more data, Helmert's values of a In a 
subsequent solution increased to 6,378,200 m. 

Also, at the beginning of this century, a targe effort was 
mounted at Ihe U.S. Goastand Geodetic Survey, underthe 
leadership of John Hayford, to determine a reference ellip- 
soid by applying a principle heretofore untried for this pur- 
pose. The method employed by Helmert was to minimize (In 
the sense of least squares) the observed deviations of the 
actual Earth from an ellipsoid of revolution by treating these 
deviations as random. Hayford realized that the observations 
could be biased because of their poor distribution and rela- 
tive paucity. He therefore applied the theory of isostasy as a 
corrective process to his observations, all in the U.S. A pre- 
liminary solution was announced by Hayford at the 1906 
General Conference of Ihe International Geodetic Associa- 
tion (the progenitor of the international Association of Geod- 
esy), and a revised solution, based on additional data in the 
U.S., was presented at the next general conference, held in 
1909. This last solution consisted ol a = 6,378,388 m and 1 = 
1/297.0. The time was ripe for official International agreement 
on a standard model to which geodetic trlangutalion, now 
overrunning national boundaries, could be referred. World 
War I interrupted such considerations. 

However, the question was raised at the constitutive as- 
sembly of the IUGG In Brussels In 1 919, and was formally 
discussed at the first general assembly of the IUGG, held in 
Rome In 1922. At the meeting of the then-termed Section oi 
Geodesy (the title of Association came into effect in 1932 and 
of International Association in 1 946), William Bowie brought 
up the distinction between the ^scientific and the practical pur- 
poses for a choice. The former required ihe best (i.e., the 
most accurate) determination, whereas the latter simply de- 
manded unanimity among the national geodetic organiza- 
tions. A resolution passed by the assembly in Romo advo- 
cated (modestly) a common reference ellipsoid for all nations 
on the same continent. The next general assembly was held 
in Madrid In 1924. Just before the assembly convened, the 
executive committee of the Section of Geodesy agreed that 
the Rome resolution be modified to consider a single ellipsoid 
for all continents. A great deal of spirited discussion ensued 
during the general sessions. Although feeling was practically 
unanimous on the need for an international reference ellip- 
soid, the choice of parameters was controversial. In particu- 
lar, Ihe British delegation favored a rounded set of values 
(l.e., the semimajor axis specified to only live significant fig- 
ures). Because Hayford’s value of I matched fairly closely 
(i.e., to within the stated standard errors) the result obtained 
from Helmert's gravity investigations, and because it gave 
the impression of being a rounded value (1/297.0), there was 
little opposition to It. On the other hand, the choice of a was 
bitterly contested. Hayford s result was criticized because it 
was based solely on measurements in the U.S. and because 
its seven significant figures were too many to be believable. 
Bowie defended the Hayford value by arguing thal the appli- 
cation of the theory of isostasy and the varying terrain in the 
U.S. sufficiently generalized Ihe solution. Moreover, he was 
against rounding, because the exact result made it clear on 
what basis Ihe values were chosen and to what the standard 
errors referred. Hayford's value of 6,378,388 m was narrowly 
approved by a vote of 1 9 to 1 7. 

Thus, for the first time, a reference ellipsoid was officially 
recognized by the international geodetic community. It was 
termed the International ellipsoid. There are two interesting 
footnotes regarding this choice. First, although the geodes- 
ists waited until 1 924 to take organized action, at a meeting 
of the International Congress of Astronomical Ephemerldes, 

In Paris In 1 91 1 , tha delegates gave an official astronomical 
imprimatur to 1/297.0, an anticipatory action that was repeat- 
ed, vls-s-vls the geodesists, in later years. Second, although 
an American result was apotheosized Internationally, the 
U.S. had no intention (and Bowie announced this In advance) 
of converting its own national triangulatlon system to Ihe 
newly crowned reference model because U did not deem the 
required effort as necessary or worthwhile - 
Soon after the choice of thfs set of geometric parameters, 
Lambert [1926] raised the question of the desirability of de- 
termining a formula Tor theoretical gravity thal was compat- 
ible with the International ellipsoid as a level surface. Cas- 
slnls [1930] published the definitive formulas, based on Ihe 
work of PizzelU and So mlgllana [Hefskanen and Moritz , 

1 967, p. 70], and proposed the numerical values 

oi * 0.72921 15(1 O' 4 ) rad s" 1 

y„ = 978.049 Gal (1 Gal - 10" a ms” 2 ) 

These, combined with the International ellipsoid values of a 
and t, formed the basis for defining (he International gravity 
formula, adopted at the 4th General Assembly ol the IUGG in 
Stockholm In 1 930. A complete set of parameters for an inter- 
nationally recognized normal ellipsoid had now been estab- 
lished. 

The Geodetic Reference System 1 967 

After thfs, ihe question of revision of these parameters lay 
dormant within (ha geodetic establishment for 30 years. This 
was not due to lack of Scientific progress in Improving their 
values. Hayford’s semimajor axis was generally recognized 
to be too large. By omitting doubtful observational material,; 
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rtJ£2S«k fl fc?i he , off,cial,y adopted value. However, two 

bvlhe"ornrt^rn^ aC |\ 0f in,erflSl ,nchan 8 01 ** held 
geodesists, was that the purpose of the nor- 

r«f rtdwa ? 10 servo as a ftxod rs,0 rcnce. The deviation 
of the roforenco from raaiiru unc »ni ■. . 


ni ih o .n< u 7 0 as a 11X00 rcterence. The deviation 

?i m r ° m r0a,it ? was no,CfUClal * but Its meaning- 


lu Q | t :; n 7; ,w " uo uissipareo ir it were frequen 

cussS^nn^iSo 0 " 0,, * nown 0ood0S,sl Calmed In a dis- 
sh S on hi9 8ub < 0ct dur,n 0 this period, *A cube could 
V® pu,p ® 80 adequately.' This point of view, satlsfac- 
E® 11 ™!! hav0 b0en to those In charge of preparing na- 
r«^flS 0Od l!l C ?® ,works and cartographical products, of- 


ues ol parameters) was due largely to an updating of the ref- 
erence origin for absolute gravity. In addition, a detailed anal- 
ysis of the effect of the atmosphere was made. The atmo- 
sphere has discernible mass, which artificial satellites 
'consider' to be part of M. On the other hand, It Is exterior to 
the surface. The problem Is resolved by condensing (he 
massonlo the surface. For points inside the atmosphere (as 
opposed to points outside, like artificial satellites), a correc- 
tion table was prepared to be added to measured gravity. 

The correction varies from 0.87 mGal at the surface to 0 01 
mGaiat32-km height. 


in al7 n e l°? ,nd reason ' wh]ch was toe "Ido discrepancy 

amon9 m ° Parameters. Arevi? 
sfon in a. based on latest knowledge, would have reduced its 

‘P 9 parts * n I® 5 - But there was not much point In 
maS^n/ 0 ^ 18 Whl,Q a ° error of aJmosl 1 P 0rl in I0 2 re- 

As mentioned earlier, observations on artificial Earth saini. 
fhemn!? nnln ? In J 957, provkled a breaklhrough-indeed 
thn sp ^ ctaco,ar ' Perhaps even the most significant In 

PlP ^S?i 9eodeS7 ' An ar, atysPs of these developments Is 
™L^ lb nJ h « i 8C0P ? ? ,hls artic,e - which ,a Intended to pre- 

gaSSsagaasasar 
Sssa ask- 

" ns a P s 7 cho, oglcal shift In geodelteWew- 
polnis around this tlmo. An Influx of people who were iralnnn 

^-aaas&sassssr 

s^ssws^’ssbbtc* 

£SS?aa?i 


The Qeodetlc Reference System 1 980 

Even at the time of the 1987 Generel Assembly, sufficient 
n ® W aa,a had been amassed that It was recognized that 
tne 1967 parameters could be already Improved. Forex- 
ample, Vets [1966J publlsheda = 6,37B,142 m, GW = 
3.986009(1 0'<) mV*, and J 2 = 108,263.9(10-8), based 
on a combination of the latest space and terrestrial ob- 
eervaltons. But the only action taken In this respect at the 
1 51h General Assembly of the IAG and IUGG In Moscow in 
1971 was o confirm the 1967 normal ellipsoid by adopting 
he special publication of the Bulletin Gtodteique [1970] as 
the official statement of the IAG about a reference model 

nrSi ' AG ™ a,ed a rnore positive attitude than in the 
previous decade. Perhaps It had the premonition thatthe IAU 
would revise its 1964 set of astronomical constants at Its gen- 

Ivl « 0n ? iy ° f 8 held in 1976, At a meelln 9 of ths IAG 9 
Executive^ Committee In February 1974, a special study 

,h0,AQ authorized. Their chargTwal to advise 

the IAG on Ihe most up-to-date values of 'fundamental geo- 

ln y nartTiIT BS | m ,u " y due ,0 ,ho work of ,hls study group, and 
munfiz. ° hB enerfle,lc tsaderehlp ol lls president, Hel- 

197 S f !h»Jh!l Qene ' al Asaombl V of the IAG at Grenoble In 

W5, Ihe Study arOUD recnmmnnHorf II . . 111 


ASSESS 

SSS=3sS£!i!»3r 


i =* 106,263 ±‘ 1(10- 8 ); Gl 

7.292,1 1 6(1 0- ,} ) rad s' 1 . 


.yslemoV^Scafco^a^'^ ™ 8 - ^ 

0.0010827: and GM = 3^mm~rn^Z ^ = , 
conesponding value off is 1 / 298 . 25 . rad 8 ' 7 ^ le 

the following iX-X^Ira W wSXlZ ba 

ssassS?-" 

measuremenls. (For examofa r0C ? nl S 0 ®* 8 * 0 arc 

Fischer f 1956] yielded a vatoe S r tta ?? c 0 Chovitz and 
fixed al 1/298.25) 0 ° 6,378,135 1 30 miff were 


_y ■ • > w / iau s . 

^sSssssaSSSS 1 

SSgT’m-nmlSSSSSSS. 

SSI 

ISmM 

'^«»S!S5iSS!1SSSS“ 

■(Perhaps there Is a 

changed annually). On the ofheJK 9 fh« h089 mOd0,s are 
cause ol the availabllliunf 08 be,ore bc- 


h 2 s ; s : ? n f r a “ cmp U ^ il8 

slilfan attitude of ambivalen™ There waa 


on It, even if-as it a ODeaSIn^K h ch ar ° ,ncu mbent 


at least 1979. " a iaD ^eference system until 

1976G*eiTOra?/^emWy J aIroln r Gre l ri^f 0l ii B *!, C ^ 0ns ‘ A ***® 

SSSwar 

it SO. should Ihe IAG agate Cte vlXiSSi *"? S8C0nd ' 
very closely what had occurrnH P® r ®ll®tod 




P^ase. 'consideqj^ 00 ^^swhat^lainSve 

»w the and 


StS^ 'and 3 ' 986 ' M6 

evidence (except lor .9° ra cent 


evidence (ex» p a i ir a ddKa?d«° nlr0 ): 9ralal; ™“"« 
OU) had value ol 

s^^sSnSssigasis 


^ev^ei:37ri4o;ax“ the QEoa 

Jgur«, whereas it wee noS ^tollei/S^J?:! i i B J?" , ! lo ? n ' 


GIFT 


Something that has not been mentioned vet in tha . 
for gifts to AGU Is the possibility of funding a schola^w 3 ^ 
that would be administered by the AGU . To kSoSSS 
les an alive and vital discipline, we must continue WS 
the best young minds to the field. If we esteb lahe^a lf 
endowed fund with sufficient resources to more than 
quately fund a graduate student through 2 or possibly 3 * 
years of graduate work, the attendant^ publicity Td 7 a L 

mlnde ^ oSlieTd ^ d ° mU ° h '° ^ ,hS8e ««^ 

p^ssaassaaM ,,,,, ^ fc 


C. T. Russell, Chairman 
^ „ AQU Committee on 

Education and Human Resources 


to a0 ven ,f a ■*’ 

; J 


P° t00t,al usea of 0 n endowment fund have 

hean ll®® 018 for scho| arshlp assistance have 

been emphasized and given high priority. This point should 
have been Included In the Initial brochure, 'AGU— Glrdlno 

ties In S W ’.h° f ‘^^PP 081 - We will have other op^rtunl- 
dows ' * hS 900 81 A 5 ' year effort has many 'X 

Through the fine work of your committee and others the 
l^has undertaken a modest scholarship The 
support for this program has bean charged to ‘operational’ 
funds and n 0 t drawn from the Income of the existing sn- 

llsKS i 9 ? 1 e Ud0 c et ad °P t0d b y fhe Council al 
) u_°®^^ er meting In San Francisco Includes grants for 
Uie continuing program to encourage students from mlnor- 

^ri 9 fnr »h r enler g ®° phys,cs < see Eos - March 11, 1980) 

I lchoterS!n 9 f r0aSlOnal Sd0nce F0| l°w Program. There 
WSSSSi a woman In the atmospheric sciences 
from June Bacon-Bercy. Also, the In- 
1 9 5®f kner Fund ' wh,ch 18 ba,n 9 treated as an 
vea^Sfrf™ to be,nfl u sed to pay dU0S for an lnl,lal3 - 

h V ?. 9 ? u eophyslc,8ts who Hv 0 In developing 

made r ea^ear 0 SVe ab0Ut 50 SUch granl8 can be 

t^SSaS th088 examples are m0re tokens of ihe 
5 ragram that m, 9 ht be developed under 
bera of aom « d 0ndowment fu nd. 1 hope that other mem- 
nlties fa/Snnn™ “J toHcerned as you. There are opportu- 
ss a slllS ® nd groups of donors to Identify their gifts 

orafes 2? ThJi P Und J n memor y of 0 colleague or former 
professor. These are decisions for the donors. 


Charles A. Whltle 
_ Earl G. Droesslf 

Cochairmen, GIFT Steering CommitH 


IAU b y 'beaeventh figure. Compatibility wUUhf 

ZldlfZ „ B .fT rn b !? U8e »» slightness of the chengt 

Sams ?P k 9 SIw B ? BffeCl ° n the sys,9m of asiranomi “ 

Morltz waj K ' S9id9lman ' Pbvate communication to H, 

Asaembly of the IAG, at Canberra In 
tatlon and rii^?oe1 n ® n f 1? ha,f ' day was devoted to a presen- 
'bo d annr^w, 2 5® Proposed reference system. The 
wSiSSStSi ^ ,I" Ph .®? by a lar 9 0r mar 9 ln «i«n «he corre- 
dffi ?924 ?h Bken u by 11,9 Seoond Assembly al Me 
a eater '. he number 01 ^legatee was much 

sible noV vote count at Canberra waa neltherfaa- 
Therahv Sira , iori,y SBnUrr,0 nt being readily evident.) 
ton whtehS = ,0rWarb9d to 'hs IUGG the following resdu 
No. 7 h Ch WBS approved and Published as IUGG Resolution 


temf^TSSSS 10 . J at lhe Geodetlc Reference Sys- 
UGG f ®l the X,V Ganera l Assembly of 

sh-’iSSaJ n ° longer represented the size, 
QuaKm»n U tyfl ! d ,° f the Earth to an accuracy ade- 

hydrographic awSlo™ a e n°d Phy8lCal ' a9,ronomlc8 ' and 
avaEe^ 9 that more appropriate values are now 


Recommends 

placed bu« th rf Q S 0 o d0 ? C , ^ eferen ce System 1967 be re- 
based on iha «! W Geodstlc Reference System 1980, also 
sold^nJpn^n i 0 ' 0f th ® Qeecentric equlpotentlal ©Hip- 
^Srsr n,d by the following 


a .* 6,378.137 m 


?h“atmOTph©re) a,i0nal ° 0ns,Bnl af ,he Earth < lr,cludlnfl . 


QM = 3,986,005 x 10 8 m 3 S" 2 


8Ize and Uncertainty of^ Parameters 


Parameter, units 


Order of 
Magnitude 


Uncertainty, 
ca. 1 900 


Uncerial 
. 1980 


... ri; ms-* 


••-■w.a-i 


8 ( 108 ) 
1/300 
10- 3 
.4(10^) 
1 10t 


1/2 ( 10 4 ) 
1/JO* 
1 / 10 * * 
i/i o 4 : 


1/2 (10 4 ) 
1/3(1 0 7 )* 


• .' 1/10 
• 1/10 
■« 1/10 
.:i/?(i£ 

1/3 (1C 






. unwrffhtyf, dpy,a ^ on from constancy 'rather thi 
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Official Values of Parameters 


1924-30 

1987 

1980 


6,378,388 

6,378,160 

6,378,137 


1/297.0 

1/2B8.247* 

1/298.267* 


‘Computed from the other parameters. 


dynamical form factor of the Earth, excluding the per- 
manent tidal deformation: 


J 9 = 108,263 x 10 -b 


angular velocity of the Earth: 


ta = 7, 292,115x IQ-^rads" 1 


(b) that the same computational formulas, adopted at 
the XV General Assembly of IUGG in Moscow 1 971 and 
published by IAG, be used as for the Geodetic Refer- 
ence System 1 967, and 

(c) that the minor axis of the reference ellipsoid, de- 
fined above, be parallel to the direction defined by the 
Conventional International Origin, and that the primary 
meridian be parallel to the zero meridian of the Bureau 
International de r H sure adopted longitudes. 


The phrase ’excluding the permanent tidal deformation 1 Is 
intended to emphasize that the normal value of J 2 should be 
due entirely to self gravitation and exclude the effect of the 
sun and moon. Paragraph (c) precisely orients the normal 
ellipsoid In inertial space. This Is vital because, for geodetic 
reference purposes, orientation Is just as crucial as scale. 

The IAG Executive Committee authorized the special 
study group to continue to monitor the state of the art In geo- 
detic constants and to report at the next (1 983) IUGG Gener- 
al Assembly. However, any recommendation at that time to 


News 


Big Science Victim off Budget Game 


In an apparent effort to make certain that the newly pro- 
posed cuts In the federal budget reach all factions, except 
of course those that involve the military-industrial complex, 
□avid Stockman, the key player of the ‘budget game, 1 has 
leaked to the press some of his plans that could virtually 
eliminate many parts of big science over the next decade. 
Two agencies that are important In this respect, and Impor- 
w aL^a 8 * arge pr °P ordon °f toe geophysical community, are 
hi? i d N ^ AAi Th0 re are portions of the budgets of 
wjn ol these agencies that because of military significance 
m 9° unscathed. Unfortunately the 'across-the-board' cuts 
proposed by OMB Director Stockman will have to be con- 
oentratsd on the rest that are relatively indefensible from a 
military standpoint and that turn out to be the most science 
Intensive. 

In an account apparently leaked to the Chicago Sun- 
' mes and reported by that newspaper on Feb. 4, 1981, 
JJ?* man i on ® °f the Inventors of the term ‘economic Dun- 
l8 . aa,d *0 have placed the science-oriented segments 
oi tne federal government on a 'hit liBt.' 

me projected cut to the NASA budget recently proposed 
S'!!! 0 un rter adm tolstratlon is stated to be on the order of 
wju million, amounting to almost 10%. It is true that the 
rniwJ 88 /^! 982 bud 9 0t request for NASA exceeded the fis- 
i am 981 aclual bud 9 0 t by upwards of 22%. The prob- 

nio J! , 881(10 lrom Inflationary Increases, Including sup- 

a aim!! 1 8alary ra tos that are beyond the control of the 

nnriair 1 1 , ma J° r portion of the Increase Is In space trans- 
SSiu '?■' shuttle - Possibly shuttle Itself may be cur- 
miflh n H a ! ate r missions, but right now there is a great 

Thl 800 there are 0xlra C08ta to get shuttle off the ground, 
of P ropo eed budget cuts for NASA fit the overall effort 
ths fL new , adm Infatratlon to place Intense pressure upon 
ol a °® ra l .government. In this context, and In the context 
and Jfl 6r ca ,bud 0 et game, 1 the cuts appear reasonable 
lmnifim£lf P if ' toflfcsl- If these cuts are Indeed made, their 
tocurE at ° n Wil1 b ® 1038 than logical. NASA would have 
In dnirfr! .i? 8pace science program by more than one third, 
and in ' a new Mission's would nave to be cancelled, 
ProararTf. 8 ^ Hce there would be no effective space science 
woum hL a a ' The tw° new missions, Galileo and VOIR, 
torv iho 0 i f cra PP 0d ' So would the Gamma Ray Observa- 
Ihe Snaf'or ? r Atmos Phere Exploration Program— possibly 
8DecfK. Te .. acop0, and many others. One sees the per- 
wSh realizing that If approved, the Stockman plan 
SS P“‘ the Jet Propulsion Laboratory at Cal- 
Of snarJ buslneas » end pttmfnate It as the world center 
wlthIn the n0xt lew years. 

U.s Qbou«? 0 , ?, er a 0enc[e8, for example, NOAA and the 
9«ted at .28 „ Survey ’ haVB not been so specifically tar- 
can exrlT ™- Nonetheless, NOAA has been told that It 
the 8eanrl^ aJor cuts ln ,ts Nos satellite program and In 
funded jt?7 pr 99 ra m. The NOS satellite program, which Is 
be eliminated* several l0 ns of millions of dollars, is to 


be eiiminoioH 1 severai tens of millions of dollars, is to 
Proflram iati Q f n i rely ’ The 001 proposed for the sea grant, 
reduction m Ik at OV0 r $21 million, which would mean a , 


raductinn at ov er «21 million, which would 


°ViT16 WaoM * 1 r Ul| w ""fi iii « ypoiB. ; 

88 a serial enalyats view! the Stockmfin ‘hit list 1 : 

from the cnmrn,i.i bpl,0on8 ': Great resistance and outcry ■ 


Parameter 


QM, m^- 2 


0.0010920* 
0.001 0827 
0.00108283 


3.9B833 (10 14 )* 
3.98803 (10 14 ) 
3.988006(10”) 


&>, rad s~ 


9.780490 

9.780318* 

9.780327* 


7.292115(10-8) 
7.2921151487(10 *) 
7.202115(10"*) 


mS! h |?i G9 M e>l(! Rel8renoe System 1980 Is hardly oon- 

“hla^X 8 " 85 ,h ' S lateS ' ™ del ™ V 586 US 
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'Wind Farm 1 Producing Electric Power 


,,M <n tna rnm __, ipeiotaniiB anuwuiwji.. . 

could redunTTJ 1 ? 08 apd sectors to; be victimized possibly ' 
cuts. Becni ieo °!i ,naom0 cases, eVeh eliminate specific 


Becai icq Iu u 80010 cases, eVeh eliminate specific 
Congress i h»?u? 0 bud 99t has already been proposed to' * 
that imw. -Y .. ou tgolng administration ft Is antidoated . 


The nation's first 'wind farm,' featuring three ol the larg- 
est advanced wind turbine systems, is nearing completion. 
The turbines are the seventh, eighth, and ninth wind tur- 
bines to be built under a portion of the federal wind energy 
program. The first of the three new machines began pro- 
ducing electricity for the Bonneville Power Administration at 
Goodnoe Hills, near Goldendale, Wash., late last year. The 
second machine will be fully assembled and begin to gen- 
erate electricity in February. The third machine is expected 
to be fully assembled and running late this spring 

The three machines, each rated at 2500 kW. wilt be the 
first cluster of these experimental wind turbine systems. 

The new machines have been designed to bring the cost of 
wind-generated electricity very close lo the cost of power 
generated through the burning of fossil fuels. 

When all three are operating, by mid-1981, they will feed 
7500 kW of electricity Into the Bonneville power grid, 
enough to supply 2000 to 3000 average homes. Designat- 
ed Mod-2, the machines are the largest and most powerful 
wind turbines ever built. The three Goldendale wind tur- 
bines, designed to have a system Ilfs of 30 years, were 
built by the Boeing Engineering and Construction Co. of 
Seattle, Wash., under contract to NASA-Lewis. Under earli- 
er Department of Energy funded projects, started In 1974, 
NASA-Lewis built six smaller developmental units, ranging 
in power output from 100 to 2000 kW. 

In terms of design, size, appearance, and performance, 
the new machines encompass significant modifications and 
advancements over the earlier models. These first three 
Mod-2 prototype wind turbines cost $13 million to build and 
Install. It Is estimated that they will produce electric! ly at a 
cost of less than 8 cents per kWh. If these same machines 
were to be produced in quantities of 100 per year or more, 
the 100th wind turbine would provide power at a cost of 
less than 5 cents per kWh. 

The Goodnoe Hills machines efre set up In a friangular 
pattern, ranging from 460 to 915 m apart, to form a small 
turbine 'farm.' Engineers predict that farms of 25, 50, or 
100 wind turbines may be producing truly significant 
amounts of cost-effective electricity by the end of the cen- 
tury. 

The new, Mod-2 wind turbines are 61 m high and pro- 
duce power from the rotation of their steel rotor blades, 
which measure 91 m from tip to tip. Each machine's rated 
power output of 2600 kW is achieved at a blade speed of 
1 7.5 rpm In a rated wind speed at the lop of the tower of 
44 km/h. (Rated wind speed Is defined as the lowest wind 
speed at which full power can be achieved.) The power 
output In relation to the wind speed is regulated by varying 
the pitch of the 13.7-m-long articulated blade tips. 

It takes 22.6 km/h of wind to start the blades rotating, 
and at a wirid speed of 72 km/h the machine Ib designed to 
shut Itself off to preclude both excess stress on the blades 
and possible damage. However, In a statlonary mode the 
machine cah withstand winds up to 200 km/h. A drive train, 
Iricluding'an improved, three : stage planetary gear box, con- 
verts the 1 7.5 revolutions of the blade Into 1800 rpm's of 

, the generator. : ;r; : ' . ' ■. . /• • • . 

! Among the major .design Innovations and cost-savings 
• modifications (hat have been Incorporated Into the Mod-2 . 

wlnd^ turbines are -• : ' ... 

■ blade tig control; Unlike: their predecessors, which were 
feathered along their full length, the speed of the Mod-2* 
blades Is controlled by varying the pitch of only the 13.7-m- * 
-long blade tips, This has enabled, designers to reduce rotor 

^ToW^r ^tera ibr all prior machines were of rigid trues ; 
desfc These Have been, Replaced by the more flexible. 
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simpler, tubular design, a modification that has permitted 
the use of less expensive, factory-assembled components 
and an overall reduction in the amount of materials re- 
quired for tower construction. 

Rotor blades: The welded steol blades are fastened lo 
the hub In a straight-line fashion and are positioned upwind 
of the lower. 

Through ihe use ol a teetering mechanism at the hub. 
the blade assembly Is able to till as much as 6 : in response 
to wind loads. This design feature reduces loads on all of 
the turbine components and has resulted in lower 
costs . — PMB O 


World Earthquake Activity Increases 


The number of significant earthquakes In the world In- 
creased In 1980, and the earthquake death toll was up 
sharply, according to the U.S. Geological Survey. 

USGS scientists said there were 71 significant earth- 
quakes recorded in the world last year, compared to 56 the 
previous year and 62 in 1978. Eleven of the 1980 earth- 
quakes occurred in the United States, compared to five Ihe 
previous year and tour In 1978. 

Significant earthquakes are defined as those registering 
6.5 or more on ihe Richter scale, or smaller ones that 
cause casualties or considerable damage. 

About 7140 earlhquake-relaled deaths occurred fn 1980, 
nearly five times as many as In 1979, but still below the 
long-term average of 10,000 deaths paryaar. 

Most of the deaths In 1980 occurred during or after the 
quakes In Algeria and Italy. More than 3500 persons were 
killed In a 7.3-magnltude tremor and a 6,2-magnltude after- 
shock In Algeria October 10, and more than 3000 persons 
were reported killed In a 7.2-magnltude quake In southern 
Italy November 23. 88 


Study To Examine Wind-Driven Currents 
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The effects of ihe wind on currents along northern Cali- 
fornia will be examined under a $6.4 million sludy begin- 
ning April 1 . The 4-year program, called Coastal Ocean 
Dynamics Experiment (CODE), Is funded by Ihe National 
Sctence Foundation. Oceanographers from five Institutions 
will participate. 

Focus of the study will be on the physical conditions In- 
volved ln ocean movement, Including water and air tem- 
peratures, and wind speed and direction. CODE'S overall 
objective Is to Identify and quantify the processes that gov- 
ern wind-driven currents over Ihe continental shelf along a 
97-km stretch of California. Data from Point Arena lo Bo- 
dega Bay will be collected by using moored Instruments^ 
tlpatlng buoys, shipboard observations, land-based sta- = 

. lions, and aircraft. 

■ CODE Is a joint project of the Scripps Institution of 
Oceanography, Woods Hole Oceanographic Inslltutlori, Or- 

■ t ! 1 ® Unrvorslly of New Hampshire, 1 
and the U.S. Geological Survey. 

: Ml0rd, flc viewpoint, we want to know ths ’ 

direction of the current, how last It travels, and what forces 

! C ln,on Winanl - ono of toe prihclpal lnveaS 

; tore arid an oceanographer at Scripps. 'From an applied i ; ; 

. Point of view, the study is ImpprtanV because of 'the In- : : . 
i cTBMad.use.of coastal water by society— for disposal of !■ 

= wastes, pH exploration, and commercial fishing, 1 Wlriant 5 
continued. Knowledge of the coqetal circulation will aid lh : : '«■' 

SSH a Pu rnen !. of 11,686 rosourcas and.tha monitoring of bo- . 
temial hazards such as oil Spills and other pollution. 1 • • • • • ' 

j : ■ j' f ,5 e a re successful In understanding the physics which -v- 
Jfl*te motive , forpes Id .the currents,- Wlnanf added, r thSn '' :i 
we should have predjotlvd models that’could beappllpd for 
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conditions at similar areas anywhere in the world.' 

As part of the program two 4-month periods of extensive 
s udy are planned: one for April i to July 31, 1981, and an- 
2 9r . p*™ 6 tIrns one year later. Ocean circulation at 

me shelf will be measured and recorded during these peri- 
ods. Winanl said. — BTSdi 

Project Aims to Improve Weather Predictions 

! ^ k ^ va,0r ' on almospherlc research program slat- 
ed to begin this spring, will Investigate basic precipitation 
E™™. 8, Including ihe formation of raindrops, mechanisms 
by which air outside ralnclouds mixes with air inside, atmo- 
spheric processes that lead to the birth and growth ol a 
, an ,? thfl origins of ice. These fundamental problems 
stand In the way ol evaluating the potential ot weather 
modification lechnlques and ot predicting precipitation and 
severe weather/ according to Bernard A. Silverman, project 

As part ol Ihe project, researchers will work this summer 
Convective Precipitation Experiment 
B0 8«I In Miles City. Monlana, CCOPE will study 
the litelimes of summer clouds. The work will focus on the 
major natural processes lhai lead to precipitation In large 
s i: slenns - ,n addition, researchers will Invesllgate 
ctoud chemlslry and lightning's effect on rainfall. 

a if” 01 from 17 universliies and more lhan 

LwoLP^J? r03Barch groups will participate. Silverman 

ffwb£rir£! Sr aler J 8 n L Unded ,hrou 9 h ,ha Department ol 
ine Interior s Water and Power Resources Sendee. & 


Geophysicists 

Bernice Ackerman has been appointed head of the new 
meteorology section of the Illinois State Water Survey. She 
has been a professional scientist and a project leader at 
the Water Survey since 1972. 



John R. Fllson has been appointed chief of the Office of 
Earthquake Studies 8t Ihe U.S. Geological Survey National 
Center in Reston. Virginia. He succeeds Robert L Wesson. 

Paul S. Julienne, a staff member of the Department of 
Commerce’s National Bureau of Standards, received a 
broira medal at (ha Eighth Annual NBS Awards Ceremo- 
ny The medal was awarded for his contributions to ihe de- 
velopment of theoretical descriptions of atomic collisions In 
Intense electromagnetic fields. 


New Listings 

Items listed In New Publications can be ordered directly from ttv 
publisher; they are not available through AQU. y f0m the 

Qeomorphology—A Systematic Analysis of Late Camjnt^ 
Landforms, A. L. Bloom, Prentice-Hall. Englewood Cliffs 
New Jersey, xvil + 510 pp.. 1978. S| 

TheGeotectonlc Development of California, Rubev vol i 

SKfiSSiWSr ' 0 K - T “ 

Illinois State Geological Survey: Its History and Activity 

Edijo. Ser. 12 , R. E. Bergstrom, Illinois State Geological 
Survey, Urbane, iv + 41 pp., 1 980. 

IMS In Antarctica, Mem. Nat. Inst. Polar Res Sdbc 

The Interpretation of Ionic Conductivity In Uqulds S I 
Smedley Plenum, New York, xvl + 1 95 pp., 1 9ao, $25 00 
An Introduction to Atmospheric Physics, 2nd Ed Int 

S e v V S L ? 5 ' R G - F,eaflle - J - A - Businger, Aca- 
demic, New York, xlv + 432 pp., 1 980, $29 50 

An Introduction to Atmospheric Radiation, Ini. Qeophvs 
pp"' 19M $32 50^ ^ AGademiCl New York ' * + 382 



IVeW 1 Geophysical Monograph 23 New ! 

The Tectonic and Geologic Evolution of Southeast 
Aslan Seas and Islands 
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Rate* per Kne 
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POSITIONS AVAILABLE 

1 °* olo S | «. Albion 

1M1 S^rJJ S2 tied<p<jsrt.>on. commencing Fall 
Jz. ***• AMJlanl professor level et Al- 

5?T Cottage > Department or Geological Sciences 
JJU** 00 invoN * s teacfcng undergraduate lato- 
n^ f Jn BtnJCtll,aJ S«*ogy and oflophyska 

oeokKw°T^ C rw? > Wwa ® 9 Qr noft ' tab 

Tiie Departmenl is developing ■ osanhw 

^SetXOfl-y major and has so ^ 
■qb-prnent Candidates vrifo a Ph D^STare 
a PhD are pretend * 
Owjr^pon the applicant s background, the 
new stair member may hare the ooconun*/ in ■* 

^*tonai«miineratian A 6-week sunvn«Vfiey 
°?* 0d to ****"• r njm m any 
v ** tes « "aw camp located 
^S?L2f' 1Qe n8arB ^War CotoreS* 

S7 1 members and W to 40 

-aSa ztjsssPZ 

Tajter. Department of Oeckuical Sewm-aa 
Co^ge, Afaon, ■ *® lon 

Ateion Coego Is an equal opportune empfoyar 


Dlraolon Meteorology Dlvlalon, Air Foroa 
°! Uberalory. Air Force Geophys- 
S*nr B *!2L ato I y nvft ® 8 BPPHcaBona far the position 
SSSS'u f® “"fwralogy DMafon facafad at 
™««mi Air Force Base. Massachuaeits. The DM- 

Force raaearch flnd do- 
*Hm°aphflifc physics, ra- 

^ 1 JJJJ i E« 259 technology, dfmatoJogy, 

S2lS2l , 2SS 08l . #i - 7116 dtvi5ton director pro- 
vides overall dirodion lo an R4D program which 

° V8r i° pMpf ® and °°™»a broad range 
?^“^ d “ n ' racfual fictonllfte Investigation. 

a^S«^ , ^L h0ve a recw,,0, distinguished 
a^lsvement In nwtooratoByteimosphertc phyalca 

im rj!fni B * r » h ^?^ in,l> * man ®flsr of a aubstan- 

E* D _ un, J- 71,13 POalBon Is Air Force Senior Ex- 
ecu^e Sarvice with a salary range of S52 247 in 

< 57 . 87 ^ .ubiw ,0 CumnlTw,! I! m 
JStJSS ISSW*" 1 col,BC<: Robert Serin. 

J61JTMI4B96. To be consfdered. applications 
mwl be returned by 30 April 1881. 

Equal employment opportunity employer. 

SpSSa: 

SSwassSSt 

~*aaaa2sss*» 

SETUnSV**** °oeanog. 

BE-BP-S r5avaBab,e lhe Dopartimtol 
$ ,I S£3' , ^^S? ,erk; Sdenc, EKi 

J^Whav. a JSSSU 

yjL 1 ”^ a ■SASStlSss; 

itdS. ^™ VBC t ,1 “nlllalitf0 axamlnallon ol 
rnsruie soafment transport. Apdicajits r« 

DrQ^ri^^JiZf 8 fST* lhrBoraf 0rarK8S lo 

tee. PO tot Search Commit - 

wr OTHwt * S P 6a ' ^ 5,818 University, Raleigh 

!Sch^ s?iJST* ta " mal ‘ ,l " la ■ h0 * 1 to •« bir 

Sla,a Ufttvar8tt v 18 an equal oopor- 

tunity.Bfimiative action employer. 


2 , 2 0n .P ,r8Qlor Atmoapherlc Analysla 
and Prediction Dlvlalon (AAP) National 

^r'VS rA ' m09 * t '* tl ° The 

in ^ Almos Phadc Research (NCAR) 

L D S?^5 r, 5 dorado Mek8 fPP'Icatlona and noml- ; 

SL for °* 1,8 AAP dM8lon - whteh *»n- 

cantates on theoretical and observational studies 
of the dynamics and thermodynamics of the lower 
atowsphera. AAP's four sections emphasize ST 
mate research, large-scale dynamics, physical 
oceanography, and mesoscale research 

traSj teaSSnf Sr I®, ,hB 8C,8n,l,lc and a * nlnl8 - 

Srwtsasssfj- 

The poslifan requires a Ph.D. or equivalent In 

KffhSSS ? 1 demona,ral8d 8 clantlflc productlv- 
iXS* Qf MP Interest equivalent 
to highest level NCAR-edanllfic appointment- iuda- 

sdBnltflc quality, abateglea and todlvld- 
h?^J? Xper,enCB 18 mana 9 a ment of ac- 
JJ* bud 8«s; and ability as a sctenllHc advo- 

Plssae send a latter of candidacy and a curricu- 
hm vHa ejo Dr.G. Mi» am ow^.X'S 
Boulder, Cotarado 80307. (303-494-5151, Ext. 5601 
T^A fftficat lona should be received by 15 April isat 
® andMa,e 8hou Id expect fa uauma 
PMtab, , September 1981 nTSToonZ^Lr 

/JSJJ* “ “I” 1 PPportunHy/eSmiallve acton 


. A °.*?! , V ". l y‘"7. , The Departmenl ol GeoP 
S' ‘Kr B,ly ' 18 8eBWn 9 8 head . beginning 

^~ aasaaB= 

-Mssssssa- 

m0 ^ bera - and war 1 MB.Sc. and 
^^ 5 a,8S ' RMPonalblHUes Include teaching 
aj undergraduate and graduate levels, and acadaJL 

P Atettar®/? 1 2U! B,opmenl ,n ®» specialty area. 

l0fl f m8rw1lh 8 curriculum 

ence, Acadia University, WolMIle, N.S., BOP 1X0. 


STcIlkl™ 'SK*. 1 ! 7* "•"’•■"Mles/Hunt. 

=K: ^S3£asRaE* 

eS2! fnrf CommfflB a for Dean of Sd- 

s?*r ^ 


Ixpleratlen OeophyalolstAInlversIty of 

STST, 17,8 School of Geology and GeophyB- 
ICS at die University of Oklahoma will hire an expe- 
rlerK»d exploration geophyalclst to fill the Frank 
and Betty Schultz Profesaorehlp, and is seeking 
nominations and appiicailons for Ihe position. The 
person muel be a distinguished scientist who has 
made Important contribuBone to exploration geo- 
physics through research. Preference will be given 
to asdentlet whose specialty Is seismic properties 
"teteriats and who haa earned the Ph.D. 
n,.iH?n ChU l2 Pro,888or wiH provide leadership and 
5 bll8h,n 0 8 ^allfy teaching and re- 
group. The Unlversl- 

mitmori fT 0 haB r8C0nU 7 a sirong com- 
mitment to lhe earth sciences wlih (he esiabllsh- 

° f Qeo3c| ances, lo be housed In 

l!2L b 2f hB ’ Th8 8(1,1001 of Qeo, °fly and Geo- 

“fte™ 1 ,rom Ite present faculty of 16 lo 
roa/hbere by 1986. This will Include Ihree 
L- -.l 8ta . ln ! hB 8X P | oratlon geophysics area, five In 
?m«rLT^ n0ph ^ lcfr80lld 8arth Qaophyslcs and 

SmTJlL tr S flraphy ‘ pfllB0n,0tofly - SOochemlBtry- 
petrology, and energy resources.. 

nr^Sni^ 11003 a I e dUB A P ril 30 - 1881. Inquiries, 
JSJES?' an ^app8ca8ons should be sent to 
, Dlre ? t0r ' Scb0Ql Gadogy and 
UnlVBr alty of Oklahoma. Norman, OK 

° f Oklahoma 18 a" equal opportu- 


SUSS? , L nr/Brit,lB “•term.tlon, Unlver- 
oSSUl! ■ run *" ,8k - The Department of 
SrfJ i /on? , sn ? re ,rack p08l,[0n available from 
Thantimfe ?. aBrt * tan t P'Oteasor or hlgherlevel. 
h2h!S^ “Pp* 108111 wl11 be expected to teach 

nrinl and fl f8d uates as wen as car- 
ing out research and supervising graduate atu- 

ISS?^ 111 be accsp,ed ln ,t1Q loHowIng 
™£g£P* ol ore bedlea, exploration, envl- 

MkSSfh if u BeochemlBtr y. brittle deformation, 
rock mechanics or site engineering. 

DosfSSf U ’. 8h ° U |? hBVe a Ph ’ D - preferably, 
S^,S^“ PGri0nca ' A PPflcationB Including a 
ur^lum^toe and names of Ihree referees should 

Q JwLu 'h R W f amB - Chairman, Department of 
N,b! KB 5 ^ 8r8,tyof New Brunswick. Frederioton, 


P ? Bm " Pl,y8,c,8t - Berkeley 

eloStefar Ph rf ° P P nlnfl ln DC ar88 - Mtefb* 
5S fa p 5£' ,n plaama P hy8lcs w| fb fipeclallza- 

nvM^SLlriSf 1 ** prefi0nl0d on ,hBor y ®nd nu- 
nwfaal almulaUon of magnetic shear effects on ln- 

^^■^Ptenomona as appfled to fanospherto and 
InhlnSPf -8 p [ 0b,8ma - 1 work experience 
KtW" 1, 8aJfl ry le $24,416 per yr., 40 
^per wk. Send resume dlrectty to Berkeley 
Soholara. Ino., P.o. Box B83, Berkeley, CaBtomla 

An AA/EOE. 


microprobe specialists 

ty at the jEhram ^SpaM a Cente r and Upflrade the 6, ®ctron mlcroprpbe facill- • 

electron mlcroprobo^n^o^S^ and ®* per1e '] lce ^ th the operation of an 
of X-ray analysis. Experi^ca vUflfrnm™!i Und un ? ersta nding of the theory • 
Is highly desirable. Familiarity with oaHral f? d “ m f uter Programming 
Time will be available toSL 18 P referred - . 

or other laboratories at NASA/Jsr p?? 08 in .| 0rest8 on the microprobe 
Plus etroerience In related fields refer applicants, with BS/MS degress 

' r r ' :: , '" v ' " ‘ ; ' t ^ \ . '• ' 


Faculty Appoinlment/Colonido State Uni- 
versity- The Department of Earth Resources, 
Colorado State University Invites applications fora 
tenure track appointment with emphasis on active re- 
search experience In remote sensing, and an Interest 
In leaching graduate and undergraduate studente 
begiming September 1 881 . The candidate Is ex- 
ported to have a Ph.D. degree In gnlogy, watershed 
sciences or In a related field and Is expected to de- 
velop end maintain a vigorous research program whh 
special smphaBlB on the application of state-of-the- 
art nmole sensing techniques to the Investigation of 
natural resource phenomena. The candidate Is ex- 
pected to tsaoh undergraduate and graduate 
courses In the application of remote sensing to natu- 
ral resources. 

Rank and salary are open end dependent on expe- 
rience end qualifications of the applicant. 

Applicants are Invited to submit curriculum vitae, 
Ihree letters of reference and a letter describing re- 
search and teaohlng Interests to Dr. H. 8. Boyne, De- 
partment of Earth Resources, Colorado State Unl- 
ve ratty, Fort Collins, Colorado 80523/(303) 491- 
6298. 

Deadline tor receipt of applications Is April 15, 

1981. 

CBUis an EOE/AA. E.O. Office: 314 Student Serv. 
Bldg. 


OeeanoBraphlo Mooring Tochnlolan. The 

Marine Science Program at North Carolina Slats 
University (Raleigh) Is expanding Its oceanographic 
technical services group and la currently seeking a 
techridan familiar wllh the design and deployment of 
deep-sea current meter mooring arrays, as well as 
with standard shipboard oceanographio sampling 
techniques. 

Qualifications Indude a degree In science or engi- 
neering with some electronics background and two 
years Retd experience or an equivalent combination 
of education and experience. Salary commensurate 
with education end experience. Send resume Bnd 
names of references to Personnel Services, North 
Carolina State University, P.O. Box 6067, Raleigh 
110.27860. 

An equal opportunity employer. 


Virginia Peiy Uohnle Institute and State 
University. Igneous Petrology end Geochemls- 
liy/Ressarch Associate. Origin and tectonic signifi- 
cance of granitic rocks. Project Involves petrography, 
analytic chemistry, mineral chemistry. Isotopic stud- 
ies, and Raid mapping. Send rdsumds to: 

D. R. Wones, Chairman 
Department of Geological Sciences 
Virgkila Poly. Inst, and St. Untv. 

Blacksburg. VA 24061 

Ths University Is an equal opportunlty/affirmative 
action employer. 


Faculty Positions in Qaology/Unlvarslty of 

Alabama, The Department of Earth Science Is 
seeking applicants for a tenure track position at the 
essistflnl professor level. The Ph.D. degree le re- 
quired. Rib selected person will teach one or more 
courses In geophysics at (he undergraduate level, 
™c courses In earth science, will supervise senior 
indepandMi research projects, will develop one or 
more elective courses In that person's specialty, and 
win develop a research program. 

The Department of Earth Science consists of four 
ton-time faculty and graduates approximately ten 
8*™ora each year. Equipment and (acuities Include a 
gsochamtcel and aedmantaUon laboratory, rock 
preparation equipment, student and research pet- 
rographle equlpmenl. Bison selamographlc equip- 
menl, transit and alidade, drafting facilities, and com- 
puter equipment. Salary le competitive and commen- 
wJfaia with experience and education. 

Apples should send a resume, ihree lettere ol 
rcste noe, and a brief discussion of research inter- 
Mte to Michael J. Nelleon, Earth Science Depart- 
ment. University of Alabama in Birmingham, Blrmlng- 
nan^ Ala. 36294 , prior to May 1 . 1 981 . The position 
beatable Septerttar, 1961. 

The University of Alabama In Birmingham la an 
wjrai opportunlty/affirmative action employer. 


JjSwteb 1 North Carolina State Unlvar- 

I*' 77,0 Apartment of Marine, 
“raiandAtmospherio Sciences Invites ap- 
™°" 3 fare presently available tenure track 
^tegsophyrtes. Rank and salary are open, 
“fPWfing on qualifications and experience. A 
Phvsl’« If App!lBd or Mplorallon geo- 
E5SL ? nWlon are Preferable; however, other 
pHmf 88008 ln Seophyalos also will be considered. 

arS*^ 8pona,bllltlM "W Include generating 

conduotlng research programs as wall aa 

Sim^. adUata coursea ln B«»Physfca. Tha 
K consists of 31 regular 

^members including 16ln the areas of 

fcW 8 ’ Pl8aaa 8end r8aume 

Wons^o 80 ra,erenc « 3 to Prof. I. J. 
of MiS ? Committee Chairman, Departmenl 

sgSSSKBsr 

^sssssssssr* 




looatad??S a !S 8, a 8 row, no research firm, 
!hS!S! : nS ) ^ h0rn pallfomla, engaged In 

a HlnfcH m|)roal Physic® 1 ocean- ' 

u c»S 9 . perrnanent - fu,| - Um ® 

^Ulval^nt^i 0 ! 60 r?q ui re P h -P- & ■. 


equivalent';™ 8 ' 60 require Ph.D. (or 

ography^r SE2SHS?\ ln P^slcal ocean- 

SlariaJ °I® 8oph y 8,oa,flu W dynamics. '. 
are cnmnaf iim ..j l-.-u.Li. 


SSSpssa... 

®nSa tof t ° ry ' and 81 ^ Pretesslonal refer- 


Wmlntetrator 

Ar ^«oaBta..; 

; . t P -O- Bpx360 
WlnOj 9(316 ’ 


An equal opportunity w^pioyer M/F. -( a' 
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Louisiana and one-hBlf time leaching geophysics 
and eupenrislng graduate etudenta. The Buccassful 
Jf** 1 ^'ba familiar with exploration aelamlc 

PhoSSi^ 889 ’" 9 ' ^ lmw P r fitatlon. The 
Ph J“- ? i£ B !f rBw1th “Porience, la required. Salary 
rar^a Is $23,000 lo $35,000 per 1 2 month. 

The position Is expeoted lo be filled In lhe Spring of 
1 96 1 or as soon as possible thereafter. 

To apply please direct a resume, three letters of 
r®.“ m !" end 1 a,i 1 8n - and any other pertinent materials 
to; Dr. Gary L Wnsland, Geology DsparimanL Uni- 

S 01 Soulhw8Blem LoS, L?ayeS, LA 
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Olaololofllt turn vanity of Washing- 
ton. Tlie Unhrsrslty of Washington seeks eppll- 
wtions for a tenure track position with the Individual 
S^ 8PPOl ? t0dM 886181801 professor joimly In the 
Department ol Atmospheric Sciences and Geophys- 
ics program. Principal research Interest of can- 
ddates should lbs directed toward geophysical or dl- 
mate i related Btudy of enow or Ice. Candidates spe- 
dallzfng fa physical procsBsea in enow are of 
particular . but not exclualve, Inlereat. All appflcanls 
should be committed fa graduate level teaching, re- 
search advising, and Innovative research empta- 
sfang advanced experimental msthode and rigorous 
physical analysis. Duties will Include teaching one or 
two underararkjfliA mitreM nor <^ n . i M ^ 


■■■“ - tourew par year in aimospharic 
sciences. The appointment starts In September 
1BB1 . A Ph.D. is required. For additional Inlormetlon 
call C. F. Raymond (208) 643-4914. Interested per- 
sons may send a resume and four lettere ol recom- 
mendation to Professor R. T. Merrill. Geophysics 
Program AK-50. University of Washington, Seattle 
WA 98195. 

Deadline for application Is 31 March 1981. 

An equal opportunlty/affirmative action employer. 


Structural Geologist. The Department of 
Geosdsnces of Purdue University Invites application 
tor a tenure track (acuity position in Blruclural geol- 
ogy, starting in August 1 981. flank and salary will be 
commensurate wllh qualifications. A Ph.D. is re- 
quired. The Individual will be expected to teach un- 
dergraduate and graduate courses In structural geol- 
ogy and tectonics, participate In summer field 
courses, and pursue an active research program. 
Preference will bB given to a candidate wllh an ap- 
plied field orientation and a strong background In the 
quantitative analysis of field data. The department 
has active programs In petrology, geophysics, and 
engineering geology and has a close working rela- 
tionship with the geotechnical group In civil engineer- 
ing and the Laboratory for Applications of Remote 
Sensing. Closing date far application Is April 1. 1981. 
Applicants should send a resume, tha names, ad- 
dressee, and telephone numbere of three referees, 
and a brief statement of research Interests to R. H. 
McCalllster, Department of Geosciences. Purdue 
University, West Lafayette, IN 47907. 

Purdue Unlvsrstty Is an equal opportunlty/alflrma- 
tlve action employer. 


Staff Selontlits/Ocaan Margin Drilling Pro- 
gram. Joint Oceanographic Institutions. Inc. (JOI. 
Inc.) has Immediate openings for two staff BclenllBlB 
to fill (he positions of: 

-Reid Programs Coordinator 
-Downhole Measurements Coordinator 
In Its Ocean Margin Drilling (OMD) Science Pro- 
grams Office. Individuals filling each of these posi- 
tions will report to (he OMD Chief Scientist. They will 
be required to provide staff support to advisory com- 
mittees in their area ol concern, and will be respon- 
sible far Implementing programs recommended by 
ths OMD Science Advisory Committee, Including 
overnight of the performance of individuals or groups 
under contract to JOI. Both positions require a Ph. D. 
In an appropriate area of earth science and appro- 
priate experience. The OMDP Is funded for FY '81 . 
Initial appointment will be for e period of two years 
wlh (he second year contingent upon the aval- 
abll ty of funds. Ths positions may be filled on a ro- 
laUng basis. Salary will be competitive. Send resume, 
statement of interest, and the names of three ref- 
erees to ThomaB A. Davies, Chief Scientist, Ocean 
Margin Drilling Program, Joint Oceanographic Insti- 
tutions, lnc„ 2600 Virginia Ave, NW. Suite 812, 
Washington, DC 20037. The deadline tor applica- 
tions Is February 20, 1 981 , or sb soon thereafter as 
suitable candidates are found. 


Postdoctoral Raaeareh Associate. Ocean- 
ography Department of tire Naval Postgraduate 
School seeks recent graduate lo study the 
hydrodynamics, through numerical ocean modeling 
of the physical oceanographic processes active In 
the vicinity of the aratlo Ice edge ot Alaska. Problem 
erase Include the effects of the complex bathymetry 
on the circulation and frontal formation, the dynamics 
associated with Interleaving of water masses at the 
Ice edge, and the mechanisms hvolved In Ice retreat. 
Research will be performed In the context of an ob- 

...li.o um iIm 4 Wafa onH 


developed Imlghts over the course of several years. 

Position la avaiable March 1981 and Es renewable 
annually. Salary depends upon qualifications. Send 
reatine and the names end addressee ol tnreerafer' 
encse to Faculty Search Commttee, Dept of Ocean- 
ography. Naval Postgraduate School, Monterey, CA 
63940. 

1 Equal opportuhlty/afflrmatlve action employer. 


partfnent os.wpil a* 
pceanpgrpphy and 
tectorrophystos, QudWJjJfl 
to send rwumdsto, 

.foent .ol ■ Geophysics 


Assistant or Associate Solentlet/Ocean 
■nglneerlng. Research position In sediment 
transport and bottom boundary layer flows: must 
have background In turbulent boundary layer the- 
ory, laboratory or field boundary flow observation 
flow sediment Interaction. Inlereat in biologically 
modified soli properties and statistics of spatial 
sampling are desirable. Will participate In several 
estuarine and deep ocean aedimont transport/ 
boundary layer studies. Expected to collaborate 
with geologists, biologists, physical oceanogra- 
phers. and ocean engineers In these studies. Op- 
portunities to participate Tn graduate education pro- 
gram through advising studente and formal 
coursaa. Recent graduate, up to five to ten years of 
experience with Ph.D. In engineering, geology, 
physics or mathematics. If interested, write lo De- 
partment Chairman, Ocean Engineering Depart- 
ment, Box 64P, Woods Hale Oceanographic Institu- 
tion, Woods Hole, MA 02543. 

An equal opportunity employer M/F/H. 


Lunar Curatorial Laboratory! Manager. 

Northrop Services, Inc. haB operated and main- 
tained the NASA Lunar Curatorial Laboratory at Ihe 
Johnson Space Center, Houston, Texas since its 
Inception. We are now searching tar a manager 
candidate wilh a Ph.D. In geology orgeochemlBlry, 
evidence ol administrative skills and a record of 
publication In the Btudy of lunar samples and/or 
meteorite Investigations. Position involves the su- 
pervision ol 38 technical, scientific end clerical em- 
ployees. Interested persons should send resume. 
Including publications and references to W. B. Kurz. 
Manager ol Personnel Services. Northrop Services, 
Inc., P.O. Box 34418, Houston. TX 77034 

NSI Is an equal opportunlty/affirmative action om- 
ployer. 


Hydro geologist. An outstanding career oppor- 
tunity wiih excellent potential lor advancement Is 
currently open for e (op professional Interested in 
applied research. Dudes will Include planning, de- 
signing and conducting broad-based groundwater 
resources investigations Specialization In geo- 
chemistry including expertise derived from aca- 
demic training or experience In hydrochemfstry will 
be considered an asset. Demonstrated ability to 
plan and execute programs to study (he evolution 
of geochemistry processes In groundwater flow 
systems, Including the movement of pollutants 
through granular or fractured rocks, fa required. 
Good writing ability (a a must. District facilities in- 
dude drill rig, sophisticated geophysical fogging 
equipment, chemistry laboratory and in-house com- 
puter and publishing facilities. Excellent fringe 
benefits package. Minimum entrance salary 
SI 8.324 per annum depending on training and 
experience. Minimum qualifications Include M S. in 
hydrogeology or geochemistry or equivalent training 
end experience. Interested and qualified profes- 
sionals are encouraged to apply to: Personnel, 
South Florida Water Management District, P.O. Box 
“V ", Wasl Palm Beach. FL 33402. 

Equal opportunity employer. 


Dapartmant of Earth Sclaneaa, Marin* 
Qeophyalet Raaaaroh Poati Uni war a It y of 

Cambridge, U.K. University research post fn 
Marine Geophysics Involving teaching graduate stu- 
dents, planning and carrying out research at sea 
and some undergraduate lecturing. Stipend 
C8.6i5-C8.845 p a., under review; live-year ap- 
pointment renewable Applications, curriculum viiae 
and names ol thren references to Dr. P. F. Friend. 
Department of Earth Sciences, Downing Slroei. 
Cambridge, CB2 3EO, England by 27th March. 
1981. 


Raasareh and Data Systems, InoJSclan- 
llflo Programmers and Programmer Ann* 
lyats. Immodlate openings for persons with B.S. 

In science or math and al leasl two years oxparlanco 
with FORTRAN or PL1 on IBM systems. Work In- 
volves data processing and analysts Irom aaColflto 
based remote sensing systems. Experience with 
lime sharing systems preferred. Also havo openings 
lor staff scientists wilh strong programming back- 
ground. Send resume In confidence lo Research and 
Data Systems, Inc., 6420 Annapolis Road. Lanham, 
MD 20801. Telephone: (301)459-0001. 


Poatdootoral Fellowship In Exparlmantal 
Petrology at UCLA. Starting approximately 
September i, IS8I, an up to 24-monlh appoint- 
ment in phase equilibrium rosoarch. chiefly hydro- 
thermal synthesis, will bo available. Candidates 
should possess Ph D. Sond letter of application 
and arrange tar two confidential recommendations 
to be forwardod to: W. Q. Ernst, Earth and Space 
Sciences, University ol California, Los Angolas, 
California 90024. 

UCLA is an equal opportunlty/affirmative action 
employor. 


Vincent C. Kelley and Leon T. Silver 
Graduate Fellowships 


THE UNIVERSITY OF NEW MEXICO 


The Department ol Geology of the University of New Mexico Invilea ap- 
plications for the Vincent C. Kelley and Leon T. Silver Graduate 
Fellowships. The fellowships will be swarded on the basis of the 
scholastic record and academic promise of graduate applicants. Each 
fellowship will provide fora generous living stipend of Sl.OOO/month for 
9 to 12 months, and up to $2, 000/year tor travel and research expenses. 
The Caswell Sliver Foundation will pay all tuition and university fees. 
The awards are made on an annual basis, but may ba renewed for up to 
three years as long as the student maintains excellent academic stand- 
ing and shows evidence of significant prograss in research. Preference 
will be given to, but is not restricted to, applicants for the Ph.D. program. 


An application for admission lothe UNM Graduate Program, transcripts, 
Graduate Record Exam results (verbal, math & geology), three letters of 
reference and a brief statement of research goals are required (or con- 
sideration for lhe fellowships. Application materials may ba obtained 
from: 


Rodney C. Ewing 
Chairman 

Department of Geology 
University of New Mexico 
Albuquerque, New Mexico 87131 



The deadline lor applications Is April 1,1981 for the FallsemeBinrof 1981. 


The Caswell Silver 

Distinguished Professorship in Geology 


THE UNIVERSITY OF NEW MEXICO 


The Department of Geology of the Uni ve rally of New Mexico Is pleased 
to Invite nominations or applications for the Caswell Silver Distin- 
guished Professorship in Geology. This endowed professorship shall be 
awarded for periods of up to two years to earth scientists of dl«tin* 
gulshed accomplishment and international reputation- The professor- 
ship may be held by scientists of all specialties of the earth sciences In 
the broadest sense, end the major criterion lor selection la that the. In- 
dividual be an active, productive leader In his pr her field of research. 


»olld Plena! ^eph y d ' M i tr fwws iA* M JM; 
varsity. The Department qf Geophysics aj j** 88 
A&M Umverelty lB pleased to 
of a lunlor favrf, terrors track fiOpIty (x»WonJl»_ 
department empf^^^ea^ o«op^« wtth 

DertBe.TKote.ate excellart , •*, 


The recipient must carry out a vigorous research program while in resi- 
dence al UNM. The recipient is expected to Interact wTlh the faculty and 
students of the Department and to provide one or more seminars. In ah 
advanced topic of his/har choice, during eBCh.aoademlo year. The Foun- 
dation will provide unusually advantageous remuneration commen- 
surate with (he distinguished nature of the appointment. In addition a 
generous allocation for travel and operating expenaeS-fto include secre- 
tarial support, analytical services in department laboratories, use of field 
-! yehloles, an^l preparation of manuscripts) will be provided. 


Applications or nominations should include a detailed resume and brief 
statement of major research accomplishments. Applications or ndrhln'a* 
. done should be forwarded to: • 


, university qf.now Mexico •. 

:■ Albuquqrqtja.^ewMexlCq 87131 i 

y-'v-i' ^*^ 8 ^^ / ^ 8 rFou/icfeffoa fs'flrt^uaf i^pSSh/lyemptayer, ' *’= V A 


■ i • 
t - •. 
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Faculty Position 
Economic Geology 


The Department of Geology, University of Georgia, has a tenure track 
opening in economic geology. Rank and compensation are open through the 
associate professor level. 

Duties fncludo (1) leaching courses in exploration geochemistry (2) 
supervising M.S. and Ph.D. candidates, and (3) developing a strong 
research program with significant field commitment. 

Teaching and research Interests In one or more additional fields such as 
ore deposit mineralogy, reflected light microscopy, theorelical geochemistry 
oi ore deposits, fluid Inclusion research, hydrogeochemislry, or environmen- 
tal geochemistry are desirable. 

An applicant should submit a detailed curriculum vitae and have at least 
mree letters of recommendation sent to F. Donald Eckelmann. Head, 
Department or Geology, University or Georgia, Athens, Georgia 30602. 

The deadline for receipt of appifcaltons is May 1. 


Dr. Art la L. Crews 
Sedlmantotogy Search Committee 
Department of Geology and Geophysics 
University or Minnesota 
108 PlUabury Hall 
Minneapolis, MN 55465 

The University of Minnesota is an equal opportu- 
nity educator and employer and specifically Invites 
and encourages applications tram women and mi- 
norities. 


or solar terrestrial physics. Research support avalu 
able trom UAH. NASA and Redstone Arsenal sSL 
competitive. Recent Ph.D.e are Invited Kvt^ 
sumo, research plans and names ol lour reference 
Apply to: Von Braun Fellowship Committee, 

XaL 3M99'"' y 01 A '“ ba ™ "iE 

E*jal opportunity in education and employment. 


tlwe h acnon V fnaiilut > lan 00fgla '* Bqual ^P 10 ^ 01 " oppoitinlly/Mrma- 


Program Managor/MaloorelOfly. Oceano- 
graphic Services, Inc . 1 9 seeking qualified op- 
ptainta for tha position of program manager for 
meteorological studies Applicants should have an 
M o. or Ph D. in matoorofogy or atmospheric 
scianeea. plus orperianeo in the fold A broad 
general knowledge ol air pollution, and an un- 
deislandmgofihe air pollution regulatory environ- 
mew. ,9 helpful Interested persons should sand re- 
fiumo, references, and salary history to R C flanks 
Ocoanographlc Serwcos. Inc. , 25CasMian Drive 
GoWn. CA 03 II 7. 


Faculty Poaliloni Petrology Toe tonics. The 

uepiVtineni nl Geology at Sinnroni University hoi 
nn npefonfl tor A feu professor to work hail tnuo in 
ino r-etiJs at pafrosygy and tectonics Wo seek 
someone «ho is Interested boin in teaching end in 
conducting research on (he petro'ogy and lociarncs 
ot coMmenjfii margins Applicants are invited to 
send totter 0 ! application, n resume and the r tunes 
ol Uwee references try March 31 isat to- 
Anan Co* 

School of Earth Sciences 
Stanford University 
Stonfetri. CA 94305 

As an equal opportunity and iittiimaiive action 
empoynr. Stontoiti welcomes applications from 
women and mingrii 03 


UppQf Ocean Modeler. Two postdoctoral po- 
ailtons In upper-ocean modelling available In the 
mesoscale alr-soa Interaction group at the Florida 
Stale Unlvaraity. Ph.D.'s wllh background in fluid 
dynamics, theoretical physical oceanography, dy- 
namic moteoratogy, numerical analysis, or physics 
are Invited to apply. Satary range $19,000- 
$2 1.500-year. Positfona are supported by anice of 
Naval Research and may be filled at any time after 
Aprif t. 1981. Send vitae and names ol three refer- 
ences to Professor James OBrfen. The Florida 
Stale University. Tallahassee, FL. 32306. 

The University is an Bqual opportunity employer. 


Structural Ocologlit/Unlverelty of Califor- 
nia, Santa Barbara. Applications are Invited for 
a tenure track appointment In structural geology to 
be filled during 1981-1 882, subject to availability ol 
(unda. Rank dependent upon qualifications and ex- 
perience, but preference win be given (0 the assistant 
professor level. Successful candidates must have 
Ph.D. degree and strong desire and commitment to 
teach and direct MA, Ph.D., and undergraduate stu- 
dents rn both structural and field geology. He/ahe will 
j» expected to develop a strong research program 
and obtain outside funding tor Its support. Additional 
duties may Include leaching physical geology and 
summer field geology. 

Please send resume and evidence ol teaching and 
research proficiency, by March 31, 1981, and ar- 
range ter aarty submission of four letters of recom- 
mendation to Dr. Arthur G. Sylvester, Chairman, De- 
partment of Geological Sciences, University of Cali- 
fornia, Santa Barbara. CA 931 06. (805) 961-3156. 

The University of California Is an affirmative action/ 
equal opportunity employer. 


Battalia, Pacific Northwest Laborato- 
rlas. Applications are Invited lor a postdoctoral po- 
sltton In geophysics with emphasis on middie or uS 
per atmospheric research at the Battalia Observa- 
lory In Richland, Washington. Stipend will be 
$18,000 Initially; the position offers the possibility ol 
a permanent research position at the end of tha 
postdoctoral appointment. Address Inquiries to 
Fj. A- Stokes, Battalia Observatory, Battelle, Pacific 
Northm^ Laboratories, P.O. Box 999, Richland, 


COURSES 


tadtaMntotouri University of Mlnnaio- 

Tho Department of Geology and Geophysics 
invites applications for a temporary faculty position 
n rocent sodunanls starting September 1981. This 
la i'kely to become a tenure track assistant profes- 
sor position starting fail 1982. Opportunities exist 
tor Interaction with the Limnological Rosearch Cen- 
ter end with active research programs In pateoacol- 
ofly. peieomagnetism. hydrogeology, and low-tem- 
perature geochemistry, as wsH as wllh the St An- 
hony Falls Hydraulic Laboratory. Ph.D. and strong 
interest m research are required. Resume, state- 
ment of rosoarch Interests, transcripts, and three 
jg I of recommendation should be sent by March 


Bolaa State Unlvaraity. The Department of 
Geology and Geophysics anticipates two tenure 
track post lions. 

Field-oriented Structural Geologist with 
teaching or research Interest In one or more of 
the following: economic geology, mineralogy, 
engineering geology, or geohydrology. 

Geophysicist specializing In applied seismology 
with a socond area of Interest In either geophysics 
or geology. 

Ph.D. Is required for both positions. Send resume, 
wllh at tesst three references to Monte D. Wilson 
Chairman. Department ot Geology and Geophysics 
Boise Slate University, Boise, Idaho 83725. 

Boise State University la an affirmative action/ 
equal opportunity employer. 


Von Braun Poit-Doetoral Fellowship In 

^ W,0 * /Un,w#ra,t » of Alabama In 
HMUvDto. Appointment effective September 
1881 In a tenure track assistant professorship with 
reduced leaching load during ihe first two years. Re- 
search specialty In astrophysics, planetary science 


Meetings 


Ground Water Modeling. Workshops In 
Ground Water Modeling are scheduled to be held 
this spring at the Holcomb Research Institute But- 
ler University. Indianapolis, Indiana. The worirahooB 
feature the Institute's International Clearinghouse 
for Ground Water Models, which stores over 380 
computer annotations ol ground water models 
throughout the world. The workshops, co-spon- 
eored by the National Water Well Association, 
range In complexity from basics in computer model- 
ing to adaptation of the Prlckett/Lonnqulst Model. 

Dates for the 1981 workshops are as follows: 
Part I: An Introduction to Modeling Ground-Water 
Row and Transport. May 27-29; Part It: Mathemat- 
ical Foundations and Computer Implementation of 
Ground Water Modeling, June 1-5; Part 111: AnaM- 
leal Ground Water Modeling, May 18-22; Part IV: 
Adaptations of the Prickett/Lonnqufet Model, June 
8—12. 

Instructors for Parts I and It are D/a. James Mer- 
cer and Charles Faust, GeoTranB, Inc., P.O Box 
2550. Reaton, Va.. 22090, Telephone (703) 435- 
4400. Instructors for Parts III and IV Include Thom- 
as A. Prickett, Special Consultant to Camp Dresser 
and McKee, Inc., and William Walton. Camp Dress- 
er and McKee, 302 E. John St., Suite 1700, Cham- 
paign, II., 81820, Telephone (217) 384-4374. 

For more Information on course content, contacl 
instructors. For more Information on workshop ac- 
commodations. logistics, etc., contact Annabelle 
Paut or Richard Hyde. Holcomb Research Institute, 
Butler University, Indianapolis, In., 46208, Tele- 
phone (317) 283-9555 by April 30, 1081. 


NOAA, NASA Plan Remote Sensing Series 


scheduled by NASA and NOAA.Th^oHhi NOAA Ion 
, °" OW lhB NASA maelin 9 s si the 
T ? A CO / l,er0nce 01 Purd “e University will be a fo- 

“ edu ( cat0IS 10 discuss techniques, ap*- 
proaches^and curriculum materials lor tea chirp remote 

mS'S hS® rem ! lnin 9 ^SA conferences wilPfeatum re- 
ports ol data use from the Landsal Earth Resources Salel 

sssSrSawasKsa. 

"2* '" “jo NASA^xmfsrences follow. COn,arences a " d 

sssSS? 

Flight Center; contact LucreSa latia Qodda ' d s P fl ce 

Science Cora 681 1 KanSh * 1 ’ Sy3,ems an ^ Applied 
-and 20840 R “- ** 

Applfca llwf Co nfere nc e^ Ho I Wa * ? 0mole Sans[n 9 

sponsot; NASA Ames Research efoy ' Cal,r ° r * l| a: 

sell, Bendix h^SSSSSS Qefte Za»- 
DUve. Sunnyvale, 

6152). « norma 84086 (telephone: 41 5/965- 

WesSm ConfemrI^ J HoHdw^nTu 0 I® 181 " 9 Pro fl rfl m. 
sponsor: NOAA. * day nn ‘ MGn,8f ®y. California; 

Program, ^ Remote Sensing 

Awfin. Texas laponMfB '^NOAA Bprf' ? hera, ?, n Cresl * 
***** Information and Texfl8 Nalurai 

'81 Education 

sponsor: NASA GoJdard ®w?! ayett6, ,nd,ana : 
Shfftey M. Davis LahrJar^S^ 8 ESS? Cen,er; contact: 

aaaS&Tasaasas^ 

^ v. ^ro^Sdd inldrmata System 


NAsKZ^I'c’ 11 H " ,0 T n Ho,el - Blloxi ' Mississippi; sponsor: 
w? it « ona Space Technology Laboratories- contact 
Rssources Labora?o “nstl 
332^ S B ’ Mi3sisslp P' 39529 (telephone: 601/688- 


Abatract Deadline Extended 


The deadline lor ebstracls ol papers lor lha IA«ipfi 

«l^ 2 9 3 m “ y ^°J n Lo'dSn: On,! 0 S" 

nrinhuf' 237 I has Ueen extended to March 27 ac- 
cording to Ihe meeting's second circular 

stisss: 

JJtaSSttT* T Plflf" 01 ,he ““I'll nonce 

ICS, University 3 Wreter^OnSte ^ 0 ^!* rlme o ° f Qsoph y 3 ' 
5B7, Canada, ffi ° ri0, London - On,ari0 NBA 


Senior Position in 
Earth Science 


SS38&833 

*o!entin™feSd^shlp oSd IOf ,he 

research p»Mram $ S uch ® C * ,on ol mo ‘ ar 

ladloactlvevSte storage aoncern ed wllh 

ducting the nualear'^SS^ boSff TPS 1 ? 1 ® 0 * 4, ,n ‘ 
more than 30 wlenlllte l fleld 'evolving 
collaborative work wK SSSffKK ? LBL on * 



vplve.osfffii5menTolwimfen^ PMl,,on 

achieving prMramrrvotl^S! ,r l d,fa °»ng Qn d 

dri entfneert.V PhD^^ fie^^f th^^ir^ 1 ®^ 11 *^* 


agu chapman conference 
Generation of the 
Oceanic Lithosphere 

April 6-10, 1981 Airlie House, Warrentoi 
Virginia 

Convenors: D. C. Presnall, A. L. Hales, 
and F, A. Frey 


employer MiF/ Z0 ‘ An opportunity 


LAWRENCE 

BERKELEY 

laboratory 


Sessions planned to date: 

(1) Constitution of the crust and upper manti 
t 8 P readln S ce nters 
I race e ^ ement 8 and Isotopes 
(3) Experimental petrology 

^ a S ma ti c pr°ce8ses versus spreading rate 

Magma chamber dynamics, melt migratloi 
mantle flow - 

(9 of s P reac ^hg centers • ■ . ! 

Y* ^yrtrothermal activity, metasomatism# 
metamorphism 

■ j*»~i Jmlted , 8pace remains. For Information on 'm 
inn acconuno daHon8, write to AGU, 

9 f^ 2000 ^P rida Av enue, N.W., Washington, P- 
. 2UUU9, or call Meetings, (202) 462-6903. ' >. 

w V '• • . "V •' . • 1 •• •- ■■ ■ 
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Separates ... a great valuel 

Print quality reprints of Individual articles from AQU journals 
are available at a nominal cost to you! 

T0 2^X-. n s U wh b s" “d“" d at ,he end 01 — ab »' r “ll » - 

009,9 same oTdLnV^me^mut^ iccompan^ortef dm ° nal artlCl0 lhe 

Deposit Account: A minimum of $10.00 may be placed on deposit with AGU for the 
purchase of separates. If funds are on deposit, the cost ol the first 
article is only $2.00 and $1.00 for each additional article in Ihe lame 

Separates will be mailed within 3 weeks of Journal publication or within in 
days If ordered after the journal has appeared! Separatee^ are Slteble fo? 
purchase for two years from date of publication. 

Articles from Reviews of Geophysics and Space Physics are available for all 
regular Issues since the journal’s Inception. Indicate author’s name, issue and 
year when ordering. These articles are excellent for classroom use. 

Send your order to: American Geophysical Union 
2000 Florida Avenue, N.W. 

Washington, D.C. 20009 


Aeronomy 


0440 Tidoi, bkvsh end wind! 

CORRELATIVE STUDY OF THERMOSPHERIC 
GRAVITY WAVES AND TROPOSPHERIC 
VORTICIT? AREA INDEX 
Y, T. Chiu »od L. R. Sharp (Space Sciatica* 
Laboratory, The Aoroapace Corporation, El 
Stgundo, Calif. 90245) 

Band on ihe occur raeca frequency of w*ve- 
llke lUucluraa In 23, 641 Individual maeeure- 
minli of iharmoapherlc danalry, we demonstrate 
thil thire la no algnUIcant hemlapherical Corra- 
Ullon btteaen satellite -measured Uiermoapharlc 
MTS-lUia atrucluroa and Ihe tropoapherlc vorll- 
tiljr area Index In tha epoch 1972-1976. How- 
ever, In Ihe northern polar sons, (b0 o -90°) N, 
vave occurrence frequency is greater (or largo 
nlnea ol tha 550 mb vortlclty area Index. 

CHghyi. tea. Lact., Paper 1LQ2I7 


0460 Tldae, waves and wlnde 
mug AHD HAVBB (10 ml n - 30 days) Hi THE 
KHS0SPH8RE AHD LOWER THERMOSPHERE AT 
BMUTOOH (S2°H, 107°W) , L-4,3) DUBiHG 
THE YEAR OCTOBER 1979 - JULY I9B0 
A.B. Hanaen (Institute of Space and At- 
DOipheria Studlea, Unlvaraity of Baaknt- 
chauan, Saakataon, Seek.. Canada) C.E. 
wek irvS J.B. Gregory 
i WLDdc from a nwditun frequancy radar 
12.2 MHi), operating ae a partial re- 
tlaction drifts ay a ten, have been obtain- 
M tor 4 teeaons of 1979/80. Hamonio 
esa te eetrel enalytaa have bean used to 
P*wt4a monthly prof ilea of tonal and 
oaruuenai winds, and tha amplitudes and 
f, * **‘°* and 24-h tides, at heights 
chSHJ 0 '. 110 *'“• TharB are distinctive 
«»gae in tidal vert Lea 1 wavelengths 
batwM -inter- Uka end 
•“S'-IU" “onths. Fluctuations of the 
" in<l and tt-des during the 
■iratvars of February I960 are document- 

RMrgy densltias for asaLllations 
JW«lirUtB to Wbvsb ranging In ecels 
j^“*" vlfc Yr through tidsl, to plenet- 
,Z “ e evaluated by month i they 
for 01 tutbul «nce parameter a 

•ddv 3<ef y f i * Bl P #ti «»n rates and vortical 
«*«loienta. There are 
aeetiL 1 " wlnter # nd summer months, aug- 
2,4’!* Tvlationahlp between .me 

OtaiE.SwHl" “'"“Hon of turbulence, 
Utacpherio winds, tides, planetary 

W“* t * rb « la >>oa> . 

Ptoa. Qraen, Paper 1C016K 


Exploration Geophysics 

W30 8tin[ c Mtboda 

“ 0 “UTlS 0 TO S ?S* ° r SWiVBB 

I. ‘W ™ RMIOIUL GEOLOGY 

01 Observatory 

s - Palisades, K.Y. 10964 

CelironujEm Burv,J> ’ tml ° Part - 

(roa JL, e^kun-eemobuoy records 

reJecw >o vl^T? 1 U,,U ahaivea have been 

tn * a*tb raeer6 af * l»7«. 

,a |laatl sound velocities, 

and hlgh- 

<# a»t»d * ,BCI ty-depth lnvaralona ware 

••allow oFIi th “ •‘henrtse Crataceoua 
CoivUL 7««1~P repcaaent 

hr, « ^ ov,r "' , P tha 

n(^« mI!? 5^ b nwt,, • Antlellnal 
In b»..i arches" (Grants at nl.. 

I"*" “ W» «/■ YsJoeitjr 

bt ««n aaaPloor of eba 

curreatlj » 0 .| B, “ le - recent or 

***“«» U , '“U-tsd by lo* 

*" lh « Tt, “ v * lua -»* K 

7 ■ »0* n | •JMWs dicaralnadon of 

temrt vartteal travaltlu) 

Ju,t fr< * »•» Wa*. 

•Mend “arrov to 1 .67 taJS 

«■ *° ».» k-/a J ~.r 

” rr **Pflnd. B,ls d “W*“ 1" R 

“• ihUb.J 1 *“ aaatwrd lncraaae In 
**“ WuaiM^eil. h ! CU,Ctc rock » vlthin 
•“■'Jr “* ““ B r«*lan aaqiunea 

Jw VaUrrf^Y® A 2.1 

iiarifc Bpooki«n aaqueoca 

naSSSS" P r °P° rc * ol “ of ■ 

l «*Ln sti r •■4 1 senta baevaan 
•*«Mlen BbaU ■ Bi l h - I 

" to « doeei^j i In ***a*i»a, • 

trawlclniB d«eai' 

« .boet 4G-. vertlta* 

* Wf *‘ a ^ Ue,d "*««■ ° l — t- 

by 

bm. Dt «»as data «r. . • 

KadlcUd Ki th * • - 1 

atatutlHr ’a^lty .functloae, 

.'•I W eon!. ^ ■■aarelliaeleai' - • - 

»■ Tbi ail 5 ’?* P° Planer than about - - > 
af Lea era nlhloiaed by 

d * tat »iMdai*fIoar 9 • " 
•^tlcn)., ' B " M,buo J. Mdl«pt, Alika, ‘ I 

' ’ - i ■ ■ . ■ i ‘n i •' 


Geochemistry 

1410 Chemistry of the rtmosphire 

IHE TU0-DIHEN5J0WL DIAGNOSTIC feDCL TOR TROPO- 

SPHCR1C Oil: W (JflCERIAJNH ANALYSIS 

M. L. ChameldM (School of Geophysical Sciences. 

Georgia Institute nr Technology. Atlanta, G4 

10112} A. Tan 

Tropospheric GH Is bellevM to play a major 
role In atnospherfc photochemistry and, vis Us 
chemical Interactions, OH uKIrulaly may afreet 
tha climate, stratospheric oione levels, end the 
pH or rain. A valuable tool for predicting the 
global OH abundance as a function of latitude and 
altitude Is the two-dimensional diagnostic rcdel 
for tropospheric OH. This model can aTso be 
applied to budget studios of species which inter- 
act with UH, such is CH., CO, and 0,. (n addi- 
tion to laboratory-obtained ilnatlc data. 
Important Input parameters for the model are the 
global distributions or H ; 0, 0,, HO,, (110 ♦ Nil,), 
CO. and Oi % , While tho two-dlnenslona] diagnos- 
tic model can be tuned to yield averaged absolute 
OH concentrations In agrearent with observations, 
the results ara highly sensitive to uncertainties 
In several Important variables, including the 
rate constants for key 0()D> reactions, the rate 
of heterogeneous removal of soluble species, and 
the global abundance and spatial variability In 
HjO. 0,. CO. and KO^. 

J. Gaaphye. Be,., Srenn, Paper IC016S 

Geodesy and Gravity 


1910 Cruital savaaence 

SEISMIC *10; AS1.ISHIC 0£ FORMAT l OH ASSOC LATEb WITH 
IRE 1952 XEMI COWTY EARTR0UAAE, CALL FORMA, AHD 
RBUTI0HSH1F TO TBE QDATESBASY HISTORY OF IKE 
WHITS WOLF FAULT 

S. Stein III. S. CaolaglcaL Survey, 345 Nlddlafleld 
Rued, Kenlo Park, CA 94025) W. Thitchar and R. 0. 

Celt la 

0b 21 July 1952 rapture of tha White Half fault 
produced the H, ■ 7.2 Kern County earthquake. Va 
uitd che aftefbhock zone to da licit the alia of 
the faulted a] Ip aurfaee and applied ‘omatnloti 
L^sied by the knaini 1932-5) horizontal ahizr 
etrzini to nsdnL tba ntaaured caielielc vertical 
d laplacesenta with ae elaetic dialoeation nodal. 
A curvad fault trace with dacraulua fault depth 
(27 te ]0 lua>, (Lip (3 Co I ■>!, and dip (75' to 
20') Iron tha 1952 apfeentar at tba aouthveit end 
of the fault toward the nerthtaat prnvldaa tha fit 
■oat coal la tint with tha gaodatLc rqcnrd, Chi 
Diefuced aaianlo toman C, tba fault-plena aolu- 
tlan, and tha pattern of eurfica rupture. 

Two aherc relaveled linn near the 1952 epi- 
center tilted 4 and 17 Urad down to Htn north fra 
5-10 yaara be fora Ihe eartbquahai thaae prate U- 
■ic Blits differ ■ I golf inanely froa tan othtr 
aurvaya of tha liaaa. Laft-laural fault-craaalng 
ahaar a train In tha central fault fra 

0. 2-20 yaara b a lor a the qnaka via two Ctaaa 
grtatar than both praaaiamic off-fault a train) aad 
the poit-aefaaic fault-erBiaiug atraina. Daring 
tht firat lav an yaara after the aarchqnnki, 
aaaiiais daforaation va) Ipslgalficant. Fron 1959 
to 1972, uplift reaebed 160 aa, maeaempanlad by 
any aurfaee fault of fiat. 

Ranona Cruet (on of tha vortical aaparation on tha 
White Volf fault (ran lata Qua ternary and lata 
Xiocana atraclgraphie Barker bade ahowa that tha 
rata ot ravaria fault flip- incraaazd forty-fold, 
fra 0,1-0. 2 Wyr to 1-9 vm/jt baevaan che paat 
10-15 KY and tha Boat racaat 0.6-1. 2 HY. » eat- 
lsatn a 170- to ASD-yr averaga racer re no a interval 
for aarChquakaa on tha White Wolf fault with ally 
aqiiiralant Ce chat la 1952. (Fra-snlaain, poet- 
aalaala, gaedatfc, recarraaaa), 

1. Geophra. Raa. . lid, Fapac 8p9lS)l 


1910 Crustal eevaanta 

THE IMPACT OT REFRACT rOH C0RMCTI0H OH L191LIM 
rUTSRPRrtATIOHS » SOUTHERN CALIFORNIA 
H. Strang* (Rational Gandatle Survey, HatUmal 
Ocean Survey, SOU, InabrtUe, »orl«wl 20157) 
Kkbdc InviflCliaElons tbit di* nfnctlM 
corraneles In leveling era Urge but eaa ba 
adequately tndalad. The correct tana ara pinpor- 
tlonal to tha l ”| J TlirT r * ■iiWaraMaa and tha 
■quare of the light lengtha. Oungan In eight 
langth with tie* hive reaultad ie apparent 
cruatal aoveaanta whan nen-rafrantloe carraotad 
data ware uaad. Applying rnfrpctiun corrantlona 
Co lavaiing data In aeuCbaAi California ilpifl" 
candy altera the aiaa and configu ration of tha 
southern California uplift. Uplift « 
and Onran-Lebae relative to Loa Aegdlea {"l VJ ‘7 

daring the 1953-197B tlee pitied U 
thin 10 cn. The bulk of tha notion, about ^6 *». 
occurs aa localize ~tlon along U-» Ban Cjbrial 
fault during the 1953-1964 tina RfM. 

DDtlrq along .the San Gabriel fault ? f , 

« on directly north « tha gwt.Ferpu do fonlt 
betwaao 1955 and U68 say ropraaaat pkattinora to 
the 1971 Sen ftriieedo » a jrtiqa.ki. ■ . . ■ : 

■ j; aeophyn. Rea.. Rtd, Paper ■ B0 Bid 92 

1910 Cruafcol Movosaata -A « 

. AX BtEgPRBTATHB OF 

CAUTIXAB FAULT IW BOUJal**. CMJWW 1 * 
data G. Leartolp, 0.8. Oaologleel WWiR 
rnddlafleSteU. H»lo 
Data fra 0 preololoo 

0 latinos Resawing (*«*> i^jld 

soar dollleter, f^UfomU, 7s*J 
. ' 1« Mtoa'of •trUeo-oUp . 

eofered by tha ntltortr. PoW Opito M* ^- 
, deration that are readily 

7WM data for tbo year fouwrteg iaptasbat* W - 
Mbe sodaled no aUp ’ ’ 

Oroqpseter data taod to oupport tUa • 
Interpretation alooa.the ** r ** 9 . V 

; ' obaarvad episoM of 0 # 

• qorroUted l^.a tosporo); , . 

. • ; v ' ..•..I - .... :: '' . 


tho aostnt for aaoh eplaoda of alip out be 
dttorsUri rros the HUM data by the technique 
or linear programing. The remits Indicate 
SS.-ir*' a, ! P la lM dcslnant Mohanlas For 
■* 1bjm Bln ® e *•* oesblnad sueent of 1.16 
i lOda dyno-oo Tor tha four eplaodee Tar 
aaaaadn the acsanl of all of the enrthquakas 
that oMurred during tha yoar. Creepoitor data 
and geologic evldnst that are Uken in 
aoajiaiotlen with the lewar bound or tha sonant 
ledloatu that the depth or analsslo slip ror 
oosu of tha eplaodea of fault Blip could aitand 
to balow tha graatast depth or aartbquika 
hypooaotera Tor in la region of central 
California, 

(Fault Blip, linear programing. Qeodatio 
obaerntiona.) 

J. Gaophyi. Rga., H*d, Papu 1B0116 


1930 Rolatlanl ol gravity obacrvaclana to 
toccunlca and laustuay 

IS05TASY. HACHA CHAMBERS AMD FlATE DBIVlHo FORCES 
OH THE RASI PACIFIC RISE 

B. T. R. Lawla (Dept, of Oceanaarophy and Ceo- 
phyalca Prograa. Unlv. or tfzihlngtnn. Sejctlo, 

Tho danalty dlatribuclon within o cooling plate 
la calculated which Incorporates temperature and 
prealure afficli. Free thla donalty dlatrtbui Ion 
the preaaura Maid ulthlu tho plain and the grav- 
ity field at aaa level are computed for varloue 
dagraaa of laoitatlc eoapeneatlon. In thla nodal 
tho proaaure Mold within tha plate haa a hori- 
zontal gradient at ahallow depth! away froa zero 
aga and a horizontal gradient toward lira age at 
greater depth, caused by the loading ol tha ocean. 
Iioatatlc oqulllhriiaa la approached If one allows 
Ihe loading duo u tha valor lo daproaa the aoa- 
(loor end at tha ease Line allows anas ennsarva- 
tlon by flow at depth toward aoro age. A vis- 
ually nodal baaod on a Ravtonlan rhoulogv which 
Included taaparature and proa lore effarto haa a 
high gradient cloao to thu plane aaporatlng poa I- 
tlve and negative proaaure gradient* which would 
(acllltaca thu return flow and decouple 1 1, a 
llthoaphara fra thn aothanoaphara. Addition of 
a cruat to the hoangoneoua nodol dooa rot aub- 
i initially chango thoao cone lua Ions. Caoparlenn 
of thla nodal with exaaplea of Raot Pacific Plan 
dote suggeata that soaa areas nav not be In ccn- 
plata laoitatlc equilibria, leplylng tho txlet- 
enee or horliontel proaaure gradients toward 
zero age In tha aathanoapharo. 

This nodal ran ba nada to fit tha general 
feature* of tha Bait Pacific Rian but not ibo 
datailad gravity and topography noor zaru ago. 

If one allows convent Ivs cooling of tho cruet 
by water, partial selling of the upper nulla 
and lntrualen of this partial sell Into ihe 
crust, tha water depth* lncraaae web rapidly 
De ar zero aga and on Increased positive gravity 
annealy la produced over tho rlaa axle, both of 
which produce a hotter fit to toil Pacific Rise 
data at 12'H. Thla atudy auggoaia that cruiln] 
nagaa chubara on ihe fast Pacific Ri ie tuy bo 
aaaoclatad with mnloua positive nu-xullos 
caused by a poalllva danalty contrlHt briween 
■agu and fractured poroua cruatol rocks. 

(leoBlaay, oagu chanbera, Convaet Ion) . 

J. Ceophyi. Pea., Red. Fapar 1R0K1 


Geomagnetism and 
Paleomagnetfsm 


254D spatial variation* attrltniied to aaa floor 

■[*0141 oq 

imwic irncTg or kaoiihiti3ation op oceanic 
CRUST _ 

K. Preset IU.B. naoloqlcal Survey, m 89. Ill 
ni-ldlef Laid toad, conlo park, Callforikla *»«i] 
A, Lecalllo and E. Henklna* 

H*9iatlc affacta of eajnamitlsatlon are 
atrongly dependant on tha grain alee of Lha 
originally moil Sized tltancmaviaLl ta. Nag- 
hulclzatlon of ■ Ingle- duu In tltansmagnatlia 
reaulta Is a daoraaes In coarelvlty, an lucre* a a 
In auaoaptlblllty, and a large decretal in Q 
ratio. Haghealtizatlnn of eu It Id tax In titano- 
aagantl te r vault a lo an lncraaae in coorcivlty 
* dec raa a* | n auaaeptlblUty , and no large 
changes In 0 ratio, lha behavior or paiulo- 
■Ingla-dcaaln tltancoagsstita. which la tha sals 
carrier ot manure in nboarlna aartrualve 
roeka, la investigated by oozpariog tba iigmilo 
propartlea of tha TAHOOB and tha teg 17 pillow 
toaalba. lha F Along rook* ere already oaldlaed 
i*“ 0.1BI, poallbly aa a result of Bool hlqh- 
tuperatura eaghaslt list loo during cooling of 
tha nagma. Lov-tasporatnra ■aghulUzatien of 
andi rooka does not reaolt In appreciable 
changes of ooarclvity and rioccptlblllty 
although tha a ratio doaa decraaea and CUM 
aaau to ba aoqnlrad. 

J. Gaophya. Res., Rod, Fapar 1B01L3 


2560 Tina variation, paleonignet I as 
FALECHACHITUH ANQ AQE Of MAFIC PL0TOW5, WICBITA 
HHWTAUB, OKUIOIA 

W. loggantban (Beuth Dakota School of Kiras and' 
Technology, Rapid City, SD 37701) J. Flachar, 

G. Hapolaooa, and A, Flachar 

A paleosagnatle racoanalaaaaea (43 ossploa of 
tha Raggady Howtalo Gabbro Group, cnoprlud of a 
layered cosplaz of anorthoaftaa , inorcTwaltlc 
gibbroa, and easalva gabbro, shown (1) a cab it 
rasnast aagoatliatloa and (2) canal acant dlrac- 
tlooa which differ significantly (nn cboae af 
tba nearby Coibrlan Wichita Granite Group, wllh 
ozcaptlcn of aoa afto war tha granite contact. 

Theea raoulta auggeat a Prscaebrlan age for tbs 
gabbro group. Tha dlfforanta In polo poaltlona 
batvsao the granitic and mafic group* d*BOn- 
airataa that lha plutmls eptaodaa respsnilhli 
Ter tba saflc and granitic aapw are algal fl- 
eeatly oepitatld lo else. Models of fonatloo el 
the Wichita aulaccgan ahoald lo altarad to 
account for tbe dlffennea is tin* batvatn tha 
■af io nl illlcle plutaaiw, (aulacogap, Vlchlcs 
Hnatolne, Frtcaebrlan. palawagnatlaa) - 
Daophyi. I*i. Law., Fapar 90.1401 

2550 Tina variation!, pjliiwaiir alias 
PALBOiUGHGIlSH AHD TECTONIC EYuUITlOti OF THE 
PAH- AFRICAN DAKAR! I ELI, S0UIHF.U AFRICA 

H. HtUllI lass (bupt. of Gcophyaka. Stanford 
Unlvaraity, Stanford, CA 9)395) A. RrSnat 

Faleoaugoatle reaulca ara rape read froa tho 
Nwib, Dcavl and Huldon Groups of ihe Posers 
Bupargruup.' a lata Fraceabrlsn ahalf sequence on 
the souebarn sargln of tha Congo kCaton in lal- 
bla.' Threo sagnet last Iona wars leu la cm] In tho 
Koilb group laeplui. In order of dearming 
blacking twpursture they are I th]l (n-h alrta, 
l*2B*Ni »-]2) a E, a.. •!)*),. 842 (n-7 altet. 

Mi’ll p-fU'f, ogjaia*) and HQ) (o>L] MSqilaS, 

* “195‘E, bk* 13"). Overall pradalea of 
all thraa signal I tat Iona opes tectonic correc- 
tion aeggaaif that they predate Pan-African (6SO- 
ASO Hs) folding. Two sagnatlzatlona wore letw 
|p tad' Is'llio Dtevl group Hiplas. aboVe Ihr Xoalb 
is atratlBripblc a c qua oca. lha DCi era, pc mat of . 

paafe ltile pfe-foldlng aga (a** sites, 1“31*3.‘ , 

(•186* B, an*])’) has baea ovarprlatfd hr th* DC 2 
sagna tie* lion (o*10 alias, 1*35*3, 6-044*8, Jq ,- 
. IS*) of piobiblapoit-rpldisg aga. A a Ingle *i|- 
mi last loa of probable pre-folding ag* via 
‘ Ipqlstfd id lb* overlying Midas Croop laaplai 
(o*6 sltoa, »*12*S, »- 090*1, 3 j.-|6*.. 

Together with pcavloualy publlahad pategaagnetlc 
data few Africa, tba new data ttaoxad that no 
a rest relative ■svasants have occurred hetvess 
the Congo and EAlahgrl Crarow during tha Interval 
Of FAn-Afrfcao taf too lea inUho Dasars. tell 
McEliitony and tkWlUlaw, 19)6). Continanral 
to 11 la Ion preceded by large rotative dlsplscwMiua . 
and closer# of a Vida ocean (e.g. aa Misalayan 
aaalog) fa af iactfvali ruled out for the Dawrs 
Mi. Ve develop on #llSroaUve sodal cona latent 
with the e vs liable pmliwaiqittc sod Boologto decs. 
Which invokai rlfllog, boat lag, sod let etching 


ul elm 1 III. c.,,, lion, underncirl, (In. Dj^ord toll, 
to) ItjiCcd b. Jol.i-iln.it lor, of thu xub.rugt.il lit i,..- 
opli.-ro. Hot -)iittinnuj[.hurli. r..itcil*l rl»« to t.jte 
iW pi jco of thu tlfldChuJ on. | nlnk Itia I llli"- 
■Ifhorl-- bJ-'u. In.Juc Inc mjhdukt inn ond lnt«rslci:t Ins 

of ■ ..nttncntil crunt. Thu nuLh Khlrivncd cniitln- 
unt.ll . ruae L > port lolly suited at Jepili, Intruded 
hy !.yn- end yoot-JHK.:.l. itt.ir, Itert und fln-tlly up- 

llfrcl und nrnj.:.l In lie |>r,-3.-nt level ol uxponure. 

ito: r-Jd In cunpatlblo ulil, |.)dt- nclonlc* 

In thot the Jovu lupcant ,»f tin- luiuru l.elt cun to- 
hru.idly t<.-p.inh| with r.vli-ru riirAln.il 
ni-jii, with ui* i -^option thit •jtictrhlnc 
*il the llthijpaharu wji ip.t InduraJ hy 
nvuon-lstv ronvm.tluti .ib..Vo a JiiungolnR 
•ilnb. Poasthlc ,-aii*cb lor ntrotchlny at a 
rlntnfl enatlu piuaua ur Introt cat lntotol 
Jlatortlon wLthin rlia pc e-Dan rn Alrlum 

f in to. 

. GfMphjra. Raa-, Red, Paper IEG079 


2599 Gonaral er atahel laneoua 

AhQXALOUS KAChTTI dATIiXCS IN 3.4 B.Y. 01.0 BARRAHIiVl 
WUNTAIff USD SAMPLES 

Stanley H. Claovvkt (IIASA Hea Jquxrtern, S!-k, 
Vnuhlnpton, D.C, 2n5)6) 

The ratio of natural rar.jntnco (W ta a-uur.i- 
tlon rvunence URH ) la found to ba OKr.n.lInqlv 
high fey a mcibor or baviltlc t.y ultra.r-.ific a rtn - 
ploe iron the 5.4 billion year aid Hziberrnu 
Hjuntnln Land proonatana b»lt. South AlrLa. 
Although coovrntlon.il |<J lea Intone Ur BeibaJa lu- 
ll loata filcefirldg of aovcr.il noralvdn, dcnjr.nc'- 
tlzst Ion cuwao platted an lopurllhhlc actio 
clearly ahou the NS.H In thnte ajeplcv to ba un- 
like thonul rerunenco ITUl), It uc -m r.ut 
pruhahlu that the observed J,kK Is n olienlc.il r.-r- 
anenen (CM) Tainted to thu pruunochlii Bt-lar.ir- 
phlc event, and that the Inlonnc rcigbet li.it Icna 
nra perils pv the roauU of Internal lc gcnur.ircd. 
rnthar than anenul field*. Tht pel. ,b1 In. 
that the Interne r.i gnu list lun v oSscucJ In thaae 
ancient terrantr Id I ejcplrj la uniol.itcd ih v 
wtrungth of the i-xternal field auggivt^ <a> n |,. n 
III tl<n Inlorpratni Ion ol p.ilrolnl . n, li y results 
fr..o ezlrzierruulTl.il c.itar l.i 1 u . (I'.iI.Mtik i,s 1 Cv, 
(‘rt- u.-inbr Ian) 

i.vogitiyd. aaa, |ott., Kjpwr Hr* i 1 7 7 1 


Hydrology 


5125 (jlaclnlegy 

tidal pi. eji ay. or jacijh; ka.tb glacier. W9T 

C.PH t HI AND 

CTSlg S. Ling |« IGaaphyalcal and Polar Raaearch 
t'anrar. Uaivaraltv of Vliconain. nadlton. 
Wlscfiniln, 5374b I, Taranca J. Kughea fDvparl- 
rent of Urological Srlancaa, llnlverelir of 
Naina, Orona. Kaln« <K4b9). PoRald C. Kollcsvar 
(OapartEant of Fhvalcal Scleneaa, Unltti Steioi 
Coeat Cuatd Acsdeav, Raw london. 

fanned I cut lh):6| 

iekofe ihevn* Glacier, a Moating oullat gUclar 
on the feat Graenland coart. vai aurvatad during 
July 197 a. The vertical dliplacaaitrntr *>l tar- 
get* along J pvnf I lea parpaadlcular to the 
IJard wall hounding the omh nargln of tha 
glacier waro analvreJ t.-. detarnlna the eflect 
5f flem.re CBuea-l be 1 I del vac l list ten, viihlai 
lha Hurd. 

An analyai* baaed on tha arv.kr.ptl--.il that ver- 
tical dtiplece.-nntv nf the *lar|«t teller, ,d 

pure a lea tic bending ilalded tha canclualon 
thet iho eflectlvv thlcinaai af the Ice ,|.e. 
the thlcknaiB which rasalr.ad .loaMactad s, sur- 
face and haul cracking inf -which t-a'iave.l ai 
* cent I niiiis > waa - K-l a I.a> ta ipglaclar fron 
the calving front, and *• I X ■> n ".a in (ter cl,» 
calving I tent. 

An ana lysis based on the c-ra real uric 
aiaur.pt (on thar ohiarved kanJtng rsflicreil 
alaatlc and vlaeoplaaitc der-imarlan 'Ulded 
Che cone luilon that tba averaga aflactl-a thl, • 
noaa af tha Ice vaa III ! h n t-iVt ol ihe 
esilaaiad (C“3 s rota) thlcVooim i D fro-, 
tha calving front, and ltd) 2 -d a (•> 21', ol the 
eatlsetad 750 □ total! 0.6 kn froa the calving 
franc. A const te-it l-.-e telationahlp aypraprlate 
Tor hard gills during Mature uai mei. 

(Tidal flacura, tidal bending. Moating 
giacteri. ) 

I. Ca..phya. *09. , Red, F.iper 1 BOLlw 
II JO Gzaaadeatar 

FUW IN AO 0 1 FES S VITS CUrt LAMINAE- 1 1 flACT 
LQLITFIONS 

D.D.L.btraek IDaparleaal of Ctwll sad Sloatal Esi- 
i oiarlag, lalvaraliy of Hinnaacaa, fSA) 

Aisct inlaiiasi ara dalarainad for tve easts or 
l >o-d fetation* | (Low in aqslfara with beriionisi 
laytrrlcti lulsaa. Tha How ocean In ibo vsr- 
Hcil plant rod tha ihlckaaii of tba laslnaa Is 
n*|lecltd, Tha Tirat prablas ii ana of eonflaed 
I In la as aqaifar ayatas wtih as tsflsila lawful 
with a Hot. Tha aaaond ear ta a oava of naaan- 
fiasd flow Is is aqaifar syalao eltb a aawl- 
Inflslla lulu, ns aalBilosa ara dilaralsad by 
lha nil of llaadard aoaforstl wappiog p iocs On re a, 
aad ara ccaparad with appro time a ioIhUbbi ob- 
lalnad by tba tie af th* taoholgaa paaaantad Id 
part 1. Tba agratwant ia good, provided that lha 
retie of aqaifar lasgth ta aqaifar Ifalakaaai |* 
veff Iciaatly large. fEzaul lolstiOBi. canfornal 

MpplBg). 

Hater Fasour. Fes., Paper BQWlGd-3 
3130 Praclpitsdon 

Kin RAIFi M3KX PRELEHLSART RESULTS TWJH GUI SAL 
DATA ASALIA Id 

R. Saquaita (RatlouL Ocuaie and Atteipherlc 
AdBlnllLraiiOn, Air RwsMrcas Labors tor faa, 

BLlvac Spring, Karylsod 2b»L0) 

Prallslnacy reaulta of an Ana ly a la of global 
proclpitatlon data Crow IDO (World HateoroLoRlcel 
Organization) atatlMi ni||ait that auto r a mate 
■atltlna base line at at tons, far ronved froti 
wsjor continent a, could bates* pradlspaaad to 
seld nil if there la ■ dsficlaaey of a on-us r in a 
calcium rslatlva co non-aarloa sulfacs. lbs 
regions! sutlgas show grsscar coaplezlc* than 
chs basal ins e tat too* in the It- precipitation 
chemistry . The ova rail ratal to of this ana I ye Is 
wggast Hist not all ioos-marln* suUats and ni- 
trate la preclpltst lea could be pretest as sold. 
Geaphya. Raa. Lett., Paper UXiOll 
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